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ABSTRACT 
 
 
This dissertation explores the social-ecological dynamics and consequences of global 
shifts in the prawn farming industry from Southeast Asia to East Africa. The main contribution 
of my dissertation research is its integration of ecological theory with social theory through a 
political ecology approach. This is a major challenge in the field of political ecology, as ecology 
often takes backstage to social-political dynamics. My engagement with the analytical approach 
of social-ecological resilience provides a more nuanced understanding of the ecological structure 
and function of socio-ecological systems. Seemingly “apolitical” resilience approaches, however, 
fall short in contributing to an understanding of the political economy of natural resource access, 
use, and management. This dissertation advances the social dimensions of resilience thinking by 
considering whose needs are being met from the ecosystem goods and services that social-
ecological systems provide and the politics of their distribution. I demonstrate how power 
relations and ecological conditions (not simply environmental regulations) structure agro-food 
systems and produce unequal outcomes that are often highly contested from the perspectives of 
competing resource users. Through a social-ecological lens, this dissertation also contributes to 
the agri-food studies literature by showing how “sustainable” regulations and certifications for 
industrial prawn farming in Tanzania obscure and enable, rather than prohibit, unsustainable 
production practices. This dissertation provides a more robust understanding of the geographies 
of economic globalization by examining the shifting sites of food production at the intersection 
of ecological and social processes. It illuminates how actors (both human and non-human) in the 
global North and South influence where prawn capital goes, why there, and not elsewhere.  
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CHAPTER ONE 
 
INTRODUCTION 
 
1.1 BACKGROUND 
The literature on food and globalization has expanded enormously over the past 
two decades. “Food scares”, the global food crisis, as well as environmentally and 
socially sustainable food movements have led to a proliferation of work addressing 
questions such as “where does our food come from?”, “why there?”, and “under what 
conditions?” Referred to as “agri-food” studies, a principal focus of this literature 
explores the interrelated processes of production, circulation, and consumption of food 
and its implications for human and environmental health. These concerns have magnified 
as food production has increasingly shifted to the global South to take advantage of 
counter-seasonal production, lower costs, and, as this dissertation shows, new production 
sites because of environmental degradation in former production areas (Goodman and 
Redcliff 1991; Goodman and Watts 1997; Marsden et al. 1996; Murdoch and Miele 1999; 
Murdoch et al. 2000; Page 1996; Fougères 2005). The literature has contributed to our 
understanding of the processes and connections linking consumers in the North with 
producers in the South in this moment of economic globalization.  
Scholars in agri-food studies use a variety of theoretical frameworks to analyze 
the conditions under which food is produced and consumed. The literature tends, 
however, to take a capital-centric perspective in connecting producers, consumers, and 
place (e.g. Busch and Juska 1997; Fine 1994; Friedland et al. 1991; Hendrickson and 
Heffernan 2002; McMichael 1994; Morgan et al. 2006). Global capital’s reach appears to 
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be monolithic and systematic rather than partial and contested (Whatmore and Thorne 
1997). Consumer demand in the North is a second and equally important driving force 
(e.g. Allen et al. 2003; Guthman 2004; Mansfield 2004; Marsden and Smith 2005; 
Whatmore et al. 2003; Winter 2004). In much of the literature, agro-ecological processes 
are implicitly assumed as something to be overcome through technological and 
organizational innovation, making it appear as though the biology of a commodity does 
not affect where it is produced (Bridge 2000; Watts 2004). 
 
1.2 THESIS PROBLEM AND PURPOSE 
The main goal of this dissertation is to understand how states, citizens, social and 
environmental movements, ecological processes, and various political and economic 
institutions in the North and South, interact around proposed food production sites as 
well as sites that are already established. This research focuses on three sets of questions: 
(1) How do transnational corporations deal with barriers posed by political and ecological 
constraints, why do they choose to relocate to one place and not another, and to what 
extent do environmental regulations enable or inhibit these shifts? (2) How are the state, 
national and international NGOs, and local communities implicated in these location 
decisions? And (3) how are production-location decisions influenced by the nature of 
southern environments/agro-ecological processes? To answer these questions, the 
dissertation examines the quests of two transnational corporations to establish black tiger 
prawn (shrimp) farms in coastal Tanzania between 1996 and 2009. In examining these 
issues, the dissertation investigates the shifting political ecological conditions in which 
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industrial prawn farming was initially put on hold in Tanzania in 1996 after substantial 
opposition, but subsequently approved in 2003.  
This study is divided into two interrelated parts. The first part examines industrial 
prawn farming, particularly of the black tiger prawn (Penaeus monodon), as a global food 
industry (Vandergeest 2007). For developing countries that border the sea, prawn farming 
and exports hold the promise of enormous foreign exchange earnings (Vandergeest et al. 
1999). For industrial prawn companies, new production sites allow them to expand their 
operations and overcome the problems of environmental degradation and mounting 
environmental opposition and regulation. This section illustrates the attempts of two 
industrial prawn companies to extend their operations into coastal Tanzania, the home of 
the largest contiguous mangrove forest along the African seaboard. The prospect of an 
environmentally destructive production system taking root in an ecotone known globally 
for its ecological importance has mobilized a range of actors around the “sustainable 
development” of East Africa’s coastal resources.   
This section also weaves together the different components that “taming the tiger” 
refers to.  It shows the difficulty in managing an industrial prawn farm in an 
environmentally “sustainable” manner. This includes an analysis of global experience in 
industrial prawn farming that often results in environmental degradation and how 
industrial prawn companies respond. It demonstrates a tendency of industrial prawn 
farming companies to shift to new, uncontaminated sites, rather than incur the costs of 
investing in restoration and reorganization through technological innovation to address 
negative ecological impacts.  It shows how “taming” also refers to the control of people 
and the repression of dissent at these new prawn production sites. This section also 
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considers the “taming” of consumers by the process of environmental certification that is 
used by prawn companies to market “environmentally friendly” prawns in Europe. These 
certifications appear to be enabling rather than restricting unsustainable prawn production 
practices in Tanzania.  
This part of the study includes an analysis of how a recent small-scale prawn farm 
established on Mafia Island by an Indian firm in 2003 is an example of the rescaling of a 
large-scale prawn farm that was proposed but never developed in the Rufiji Delta in the 
mid-1990s (Brenner 2001; Sayre 2005). This rescaling is characterized by changes in the 
geographical location and size of prawn farms. It is the outcome of resistance to 
aquacultural development in the Rufiji Delta plan by a grassroots environmental social 
movement and the subsequent accommodation of transnational prawn companies by the 
Tanzanian government after it established environmental regulations that sanctioned 
aquacultural development. The case study illuminates how the ecological becomes 
political (Rangan and Kull 2008) in the sense that resistance to unsustainable 
development was overcome by a politics of regulation. The most important regulations 
emerging from this conflict are the Sustainable Mariculture Guidelines developed by the 
Tanzanian Coastal Management Council (TCMP) and Environmental Impact 
Assessments (EIAs) required by the National Environmental Law of 2005 enforced by 
the National Environmental Management Council (NEMC).  
This first part of the dissertation also explores how combined regulation and 
certification processes taking place on Mafia Island results in the “sustainable packaging” 
of prawns that satisfies Northern consumers but marginalizes Southern resource users 
who are being punished for their resistance to an unsustainable production system. The 
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various political-economic dimensions of “sustainable shrimp” are explored to 
demonstrate how “certified sustainable” prawns exported from Mafia Island are an 
artifact of political and regulatory processes rather than a sustainable aquaculture system. 
Overall, this first part of the dissertation shows how aqua-ecological processes, local 
opposition, and environmental regulations drive the shifting scales of prawn aquaculture 
from East Asia to East Africa, and specifically from the Rufiji Delta to Mafia Island. 
The second part of the dissertation focuses on how relations of production and 
consumption of food are deeply rooted in the regional political ecologies of the global 
South. In contrast to the agri-food studies literature, which is characterized by a capital-
centric and global-North focus, this part of the dissertation shows the influence of actors 
and environments at multiple scales to the production and consumption of black tiger 
prawns. The dissertation takes a combined social-ecological resilience and regional 
political ecology approach to make these connections.  
This first section of Part II draws specifically on ecological resilience for a more 
nuanced understanding of the ecological structure and function of an ecosystem. 
Ecological resilience provides insights into the amount of ecological disturbance an 
ecosystem can take before it shifts into an alternative configuration or “regime shift” in 
the ecological realm. This section draws upon these insights to measure and analyze the 
ecological impact of the Mafia Island prawn farm (resilience to what) to identify the 
ecological resilience of the surrounding mangrove forest and coastal areas (resilience of 
what) (Carpenter et al. 2001). It identifies the point at which incremental ecological 
change in the surrounding ecosystem to the Mafia Island prawn farm might cross a 
threshold that leads to a “regime shift”. Although officials from the prawn company and 
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Tanzanian governmental claim that there is no adverse environmental impact from the 
prawn farm, claims that are substantiated by EIA reports on the prawn farm operation, 
this section reveals that environmental degradation is, in fact, occurring at the prawn 
production site and surrounding areas. These findings raise basic ecological questions 
about the sustainability of the prawn aquaculture system on Mafia Island.  
The last section explores the potential for integrating resilience thinking and 
political ecology. This goal is twofold. The first addresses the need to integrate ecological 
theory into political ecology. This is a major challenge in the field of political ecology, as 
ecology often takes a backstage to social-political dynamics (Zimmerer and Bassett 2003; 
Walker 2005). As Turner (2009) states, “political ecological research has generally failed 
to produce full, balanced depictions of dynamic ecology-society interaction” (189). The 
second goal concerns the need to infuse social theory into resilience thinking. 
The literature on ecological resilience recently expanded its analysis to include 
social systems and is referred to as “social-ecological resilience”. Social-ecological 
resilience analyzes the structure and function of a social-ecological system to inform 
“adaptive management” on how to avoid a “regime shift” into a new and potentially 
“undesirable state”. The focus of resilience approaches on how much shock a coupled 
social-ecological system can absorb and still remain within a desirable or undesirable 
state begs many questions about what that state is, why it is so desirable, and for whom. 
A social-ecological system is considered to be in a desirable state based on its ability to 
provide ecosystem goods and services for societal wellbeing and development. Studies so 
far have not considered whose needs are being met from these goods and services and the 
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politics of their distribution. It also does not consider how the social-ecological “system” 
was set up in the first place and how it is structured.  
This part of the dissertation draws upon a political ecological approach to advance 
resilience thinking by showing how “development” is contested by competing resource 
users whose vision of a “desirable state” differs from one another. Political ecology is an 
interdisciplinary approach widely adopted by geographers to examine human-
environmental relationships in a way that is sensitive to history, political economy, 
politics, scale, and the biophysical environment (e.g. Neumann 2005; Peet and Watts 
2004; Robbins 2004; Zimmerer and Bassett 2003). Political ecologists examine how 
natural resource management and environmental quality are the outcome of social and 
biophysical processes that interact and change over time.  
The aim of integrating political ecological insights into ecological resilience is to 
address the seemingly “apolitical” perspective of resilience thinking that assumes “all 
things are equal”. The dissertation presents a revised adaptive cycle model that considers 
the fast and slow moving variables in the social realm to be as important as the ecological 
variables in determining “regime shifts” and defining “desirable states”.  I argue that 
power relations, particularly those supporting economic growth and influencing access to 
and control of resources, are also key to defining “regime shifts” and “desirable states.” 
There is much ambiguity in resilience thinking regarding the starting conditions of social-
ecological systems. In response to this shortcoming in resilience thinking, the revised 
adaptive cycle model provides insights on the historical dynamics that structure social-
ecological systems. The revised adaptive cycle model thus illuminates how power 
relations and ecological conditions as well as historical understandings of place structure 
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agro-food systems. It will show how these social-ecological dynamics produce unequal 
outcomes that are often highly contested from the perspectives of competing resource 
users.  
 
1.3 RECONNECTING PRODUCERS, CONSUMERS, AND PLACE 
The intense global economic restructuring of the last two decades driven by the 
globalization and industrialization of food, has drastically reorganized networks of 
production and consumption at a variety of scales and sites (Mutersbaugh and Lyon 
2010; Braun and Castree 1998). Within this globalized food sector, inter-linkages 
between its principle actors (farmers, processors, retailers, and consumers) are increasing, 
new uses and forms of knowledge are being generated (linked mostly with science and 
technology), and new commodity forms within mass markets are emerging (Murdoch et 
al. 2000: 109). These dynamics have enabled the production of food to occur a 
considerable distance from its eventual consumption, leading to the emergence of global 
commodity chains. A commodity is defined by Appadurai (1986) as any thing produced 
for exchange (Fougères 2005). Commodity chains serve as conduits through which a 
commodity and its constituents pass through a series of interlinked exchanges from 
extraction or harvesting through production to end use (Ribot 1998; Gereffi and 
Korzeniewiez 1994; Fougères 2005; Hughes and Reimer 2004; Dicken et all. 2001; 
Busch and Juska 1997; Bair 2005; Phyne and Mansilla 2003; Raikes et al. 2000).  
Within this agro-food literature, the reshaping of food production systems is 
largely driven by the logic of capital accumulation (e.g. Bernstein and Campling 2006; 
Busch and Juska 1997; Fine 1994; Friedland et al. 1991; Goodman and Redclift 1991; 
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Marsden 2004; McMichael 1994; Murdoch et al. 2000). Scholars focus on how different 
commodity chains are structured and reorganized by investors, and the complex sets of 
relationships forged within each organizational segment or chain (Morgan et al. 2006). 
This research goes beyond the scope of small producers, to include agri-food 
corporations that are thought to be aggressively transforming the world agri-food 
economy (Murdoch and Miele 1999). Although this literature provides us with a better 
understanding of the interconnected processes of sourcing, processing, sale, and 
consumption of a commodity, it has been typically focused on manufacturing (Dicken 
2007). 
Scholars also mainly focus on how processes of economic globalization come to 
be shaped by the physiological properties of food, or, the desire to overcome any natural 
constraints that might emerge during industrial food production (e.g. Goodman and Watts 
1997; Marsden et al. 1996; Murdoch and Miele 1999; Murdoch et al. 2000; Page 1996). 
This literature shows how processes of globalization can “reduce” or “overcome” 
biological restrictions in industrial food production, processing, and manufacturing 
through technological and organizational innovations (Murdoch and Miele 1999). The 
main motivation behind these innovations is the need to reduce seasonal fluctuations in 
food production to allow for long distance sourcing of diverse food products, as well as to 
standardize high volume production (and repeat sales) (Friedland 2001).  
 Recent research on the contemporary food sector emphasizes the cultural, 
historical, and economic relationships that shape the geography of a commodity through 
its various stages (e.g. Daviron and Gibbon 2002; Dicken et al. 2001; Freidberg 2004; 
Gibbon and Ponte 2005; Hughes and Reimer 2004). Strongly influenced by consumer 
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groups, this works seeks to connect consumers in the North with producers in the South 
through improved information about the provenance of food commodities, and their 
journeys from the field to the dinner plate (Bernstein and Campling 2006). Insights from 
this work have brought forth what some have referred to as a “counter-movement” that 
challenges the control of corporations and other national and global institutions (Sonnino 
and Marsden 2006). One of the main objectives of this “counter-movement” is to 
establish new models of agri-food systems that engage public concerns about social 
justice and environmental sustainability in the form of socially and environmentally 
“friendly” food (Hughes 2000; Raynolds 2004). Proponents argue that this is important 
because alternative forms of consumption in the North can have direct and substantial 
effects on people and environments in the South (Byrant and Goodman 2004: 345).   
Although this literature has helped to render visible the new connections and 
relationships that surround and shape the production and exchange of food commodities, 
it leaves little theoretical space beyond the capital logic that appears to structure those 
relationships (Morgan et al. 2006: 17). Another area of concern is the tendency to treat 
nature as an outcome or backdrop to the function of capital, which diminishes the 
importance of natural resources in production processes (Marsden et al. 1996). Finally, 
much of this work has made little progress in changing deeply entrenched North/South 
binaries that permeate this literature.  Power appears to be firmly in the hands of 
capitalists and consumers in the North, while the relations and politics of production in 
producing countries are almost entirely absent (Bernstein and Campling 2006; McCarthy 
2006).   
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In response to these limitations, the dissertation draws upon the work that 
examines how nature inflects capitalist development in agriculture and other nature-based 
industries (e.g. Fougères 2005; Mann and Dickinson 1978; Peluso 1992; 1996; Goodman 
and Watts 1994; O’Connor 1998; Henderson 1998; Gibbon 1997; Boyd et al. 2001; Watts 
2001; Kloppenburg 2004; Prudham 2005). The dissertation reconnects how we 
conceptualize the relationships between producers, consumers, and place by focusing on 
the ecological conditions (not simply environmental regulations) that shape commodity 
chains, and how Northern and Southern actors affect the shape and operation of agri-food 
systems. Its focus on farming advances our understanding of “global sourcing” processes 
of economic globalization, which has been typically focused on manufacturing (Dicken 
2007). 
 
1.4 INTEGRATING ECOLOGICAL THEORY INTO AGRO-FOOD STUDIES  
      THROUGH RESILIENCE THINKING  
 
In order to understand the ecological conditions that shape commodity chains, this 
work draws upon insights from ecological theory, notably ecological resilience. 
Resilience was originally introduced by Holling (1973) as a concept to better understand 
the capacity of an ecological system to absorb disturbance and perturbations and 
reorganize while undergoing change so as to still retain essentially the same function, 
structure, and feedbacks (Folke et al. 2005; Folke et al. 2010; Gunderson 2000; Folke 
2006). Holling’s (1973; 1986) multiple basins of attraction research challenged “stable 
equilibrium” assumptions and criticized conventional “balance of nature” ecological 
theories. It was a fundamental shift in thinking from assuming ecosystems are in a 
steady-state that can be preserved by preventing and controlling change, to recognizing 
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change as the rule rather than the exception (Berkes et al. 2002). Thus, Holling’s research 
illustrates system complexity, non-linearity, and multi-equilibriums with self-organising 
properties. He argued that “resilience determines the persistence of relationships within a 
system and is a measure of the ability of these systems to absorb changes of state 
variables, driving variables, and parameters and still persist” (Holling 1973: 17). His 
theory brought forth new understandings of how complex systems absorb recurrent 
perturbations, live with and shape change, and cope with uncertainty and risk in the 
context of multiple-equilibrium systems (Elmqvist et al. 2003; Hughes et al. 2005).  
Resilience thinking draws from systems theory to identify and understand where 
resilience resides in the system (Folke et al. 2010; Scheffer et al. 2001). Resilience 
provides a framework of analysis for how systems cope with disturbances without 
changing their structure or functions until they cross certain thresholds. This includes the 
likelihood of shifts or transitions among different ecological system configurations 
(Armitage 2006; Walker et al. 2002).  
Through resilience thinking, we are better able to identify the existence of 
observable thresholds or transitions between different system states (regime shifts). In 
resilience thinking, a system is considered in a “desirable” state if it is able to provide 
ecosystem services. Ecosystem services are broadly defined as the “benefits” people 
obtain from ecosystems (Bennett et al. 2009). A disturbance or perturbation can bring the 
system over a threshold that marks the limit of the basin of attraction or stability domain 
of the original state and causes the system to be attracted to a contrasting state (Folke et 
al. 2010). Beyond these thresholds, disturbances cannot be cushioned any more and the 
system shifts to another state. Crossing a threshold is the point at which “surprise” occurs 
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and is the function of uncertainty and unpredictability (Nelson et al. 2007). “Surprise” or 
a “regime shift” to a new and different state may cause the ecological system to be unable 
or incapable of generating ecosystem services (Folke et al. 2004).  Once a regime shift 
occurs, the system then shifts to a different and potentially “undesirable” state.  
Although resilience thinking is helpful in explaining events in the ecological 
realm with insights about dynamics of collapse and renewal, of slow and fast variables, 
and of shifts in ecological systems to new states, it provides too few insights into why the 
social realm behaves the way it does (Turner 2008).  The relationship between social 
systems and ecological systems is under-theorized (Adger 2000). Lance Gunderson 
indicated in a recent panel discussion on resilience thinking that, “the social dimension of 
resilience thinking is a whole other beast” (Gunderson 2010).  
The dissertation highlights the shortcomings and seeks to advance resilience 
thinking on the social dimensions of resilience theory. There are many shortcomings. 
First and foremost, there is much ambiguity regarding the starting conditions of social-
ecological systems. The attention of resilience approaches to “the amount of disturbance 
a social-ecological system can take” begs a lot of questions and conceptualizations about 
how the “system” was set up in the first place and how it is structured. In general, the 
“original” ecological state is considered “desirable” if it provides a set of ecosystem 
services that benefit of society (Carpenter and Folke 2006). As Bennett et al. (2009) 
argue, “humanity has expended substantial efforts to engineer ecosystems to cheaply and 
reliably produce “desired” ecosystem services such as food, timber, and fiber” (1). Thus, 
the general focus in resilience thinking is managing essential ecological processes in 
order to sustain the delivery of harvestable resources and ecosystem services at multiple 
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scales (Folke et al. 2005). Resilience thinking does not, however, illustrate how social-
ecological systems that benefit some social groups and ecological systems and not others 
(Bennett et al. 2009).  The dissertation advances this shortcoming in resilience thinking 
by drawing upon insights from political ecology to address the questions posed by 
Carpenter et al. (2001) and Lebel et al. (2006),  “resilience of what, to what, for what 
purpose, and for whom?”   
The notion of “desirable states” in resilience thinking also assumes an agreed 
upon set of priorities among different actors towards “rational” or “adaptive” ecosystem 
management.  Societies are often portrayed as homogenous and harmonious with 
multiple checks and balances. This neglects the realities in many parts of the world where 
societies are characterized by frequent conflicts of interest, major imbalances in political 
power, wealth disparities, oppression, and exploitation. Furthermore, competing interests 
and the social stratification of societies compromises the ability of “adaptive” 
management in resilience thinking to “mobilize several interest groups at several levels 
and start a self-organizing process of learning and social capital generation” (Folke et al. 
2005: 448). “Adaptive” management approaches are also fundamentally influenced by 
existing political-economic structures and imbedded power relations (Adger et al. 2006; 
Armitage 2006). By drawing upon insights from political ecology, the dissertation shows 
how local framings and experience of ecological change, including how social groups are 
differentiated, as well as how people use and value the environment in different ways are 
key to understanding “adaptive” management in resilience thinking (Forsyth 2003).  
The social realm of resilience thinking tends to view society as a closed, 
functional system that suffocates the possibility of human agency (Liu et al. 2007; Brown 
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2010). As Folke et al. (2004) argues, “human societies or groups may find themselves 
“trapped” in an “undesired” state so wide and so deep that movement to a new state, or 
sufficient reconfiguration of the existing state, becomes extremely difficult” (574). By 
inserting social theoretical insights from political ecology and agri-food studies into 
resilience thinking, the dissertation will illuminate how dynamic social-political and 
economic interactions structure and restructure social-ecological systems. The next 
section illustrates the specific social-theoretical insights that illuminate the differentiation 
of winners and losers linked to the uneven social distribution of benefits associated with 
capital accumulation. These inequalities produce outcomes that are often highly contested 
from the perspectives of competing resource users. These contestations have the power 
and potential to change and reconfigure the “social-ecological system”.  
 
1.5 CAPITALISM, COMMODITIES, AND NATURE  
Political economy views human relations with nature as fundamentally rooted 
within the process of capitalist production and associated power asymmetries (Smith 
1984; Robbins et al. 2010). Political economy illustrates how crises endemic to modern 
capitalist economies inevitably lead to perverse and “undesirable” social and 
environmental states and conditions. The more heavily the land (and workforce) is 
exploited, the less able the land (or workforce) is able to sustain production and capital 
accumulation in the long run, leading to crisis: “all “progress” in capitalist agriculture is a 
progress in the art, not only of robbing the worker, but of robbing the soil” (Robbins et al. 
2010 citing Marx 1976: 638. Capitalism, thus, creates its own limits extending into and 
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using the products of nature as inputs into an inherently (and perpetually) expanding 
production process.  
Marx (Capital, Vol. 1, [1867] 1976), however, focused much of his attention on 
the “first contradiction of capitalism” -- the tendency for capital accumulation to 
undermine the economic conditions for its own perpetuation through the simultaneous 
processes of commodity overproduction and wage suppression for would be consumers 
(i.e., the growing inability of consumption to fully absorb the growing number of 
commodities to sustain “acceptable” profit margins). Furthermore, discussions in 
traditional political economy of the problems associated with natural resource depletion 
and environmental degradation focus mainly on how escalating prices in a market 
economy will induce the development of substitutes for scarce resources, including the 
development of techniques for augmenting resource stocks (e.g. the development of 
aquaculture to offset wild fisheries’ decline) (Prudham 2005).  As a result, traditional 
political economy tends to neglect the “biological root” of capital accumulation.  
Traditional political economy analyses dismiss the notion of ecological limits, do 
not engage with the rich variation of biophysical environments, and fail to consider how 
these environments might influence the geography of food provisioning (Prudham 2005). 
In response, some scholars are attempting to integrate biophysical and political-economic 
processes in the interdisciplinary approach known as political ecology. Political ecology 
allows us to examine how agricultural and environmental change are influenced by the 
state, transnational capital, and the social, political, and ecological relations of production 
(e.g. Blaikie and Brookfield 1987; Zimmerer and Bassett 2003; Peet and Watts 2004; 
Robbins 2004). 
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More recently, scholarship within political ecology has begun to understand the 
complex inner connections between capital accumulation, economic and ecological crisis 
trends and tendencies, on the one hand, and social movements and politics on the other 
(O’Connor 1998). This research, referred to as Ecological Marxism, specifically 
examines the “ecological crisis” of natural resource depletion and environmental 
degradation through industrial capitalism. It focuses on the ways that the combined 
power of capitalist production and its productive forces self-destruct by neglecting, 
impairing, or destroying its own production conditions (i.e. the required supply of raw 
materials). Following O’Connor (1998), this is the “second contradiction of capitalism” 
wherein the costs of depleting the very natural resources fueling production ultimately 
result in crisis (Neumann 2005).  Here, a declining volume and quality of available raw 
materials is increasingly incapable of fueling the inherently expanding requirements of 
production and capital accumulation.  
The “second contradiction of capitalism” illustrates how the process of capitalist 
production treats the forces of production (labor and nature) as commodities, but fails to 
consider how markets are  incapable (on their own) of assuring a steady growth in their 
supply. This dynamic results in natural resource depletion and pollution, which leads to 
resource scarcity and reduced health and efficiency of labor. As a result, production costs 
rise and goods become increasingly scarce and expensive. Capital, therefore, has a 
tendency to eventually destroy the environmental conditions for its own perpetuation 
through the degradation of natural resources and health of workers or what has been 
called an environmental supply-side crisis. Capitalists thus suffer a “cost crisis” 
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associated with the high costs (economic and non-economic) of revitalizing such 
degraded production conditions (Goldman and Schurman 2000).  
Capitalist industries, however, never completely commoditize nature as apart of 
the means of production (Fougères 2005 citing Polayni 1957; Prudham 2005; O’Connor 
1998). This inability hinders, but does not stop accumulation (Fougères 2005). To 
overcome these new barriers to further accumulation, capitalist industries have a 
tendency to restructure production conditions in productivity-enhancing ways. For 
instance, regulatory responses such as international certifications for environmental and 
social “sustainability” serve as institutional mechanisms designed to prevent natural 
resource degradation yet “sustain” conditions favorable for capital accumulation. Such 
responses are what Marx (1976) referred to as the “veils of commodity fetishism”. 
Capitalist industries may also decide to invest in costly technological innovation to 
restore degraded ecosystems in order to sustain future resource extraction for capital 
accumulation. But the capitalist imperative to necessarily expand the degree and scale of 
exploitation (of nature and labor) may also lead to a “rebellion” of nature and the rise of 
social movements that demand an end to this mode of socio-ecological exploitation 
(O’Connor 1998: 32).  
The Eco-Marxist analysis deployed in this dissertation illustrates the simultaneous 
unfolding of these responses. The dissertation includes a traditional focus on the 
mechanisms of the exploitation of labor power (i.e. violations of workers rights, human 
rights, land rights), but also expands the analysis to include the social mechanisms of 
destruction and exploitation of nature. Eco-Marxism illuminates how capitalist 
commodity production conceals society-nature relations as well as how “the combined 
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power of capitalist production relations and productive forces self-destruct by neglecting, 
impairing, or destroying their own production conditions” (O’Connor 1998: 10). It also 
seeks to disrupt the problematic and uncritical acceptance of local ecologies being at the 
mercy of world economic forces in which ecological processes are viewed as supposedly 
fixed, ahistorical, and undifferentiated. Rather, ecological processes are interpreted as 
held within a mutually-constitutive relationship with processes of circulation and 
accumulation. Ecological dynamics are necessary and actively shaping (and shaped by) 
factors embedded within capitalist production (Castree 2002). The inner contradictions of 
capital accumulation that lead to environmental degradation and associated power 
relations that enable this degradation are interpreted as constitutive forces within the 
structure and function of the “social-ecological system”.  
But focusing solely on the socio-natural contradictions only take us so far. We 
also need to consider the spatial dimension of such contradictions. As Watts (1999) 
argues, commodities embody capitalist relations that are simultaneously geographical 
relations. Indeed, ecological Marxism falls short of explaining the “where” of capital 
accumulation. Therefore, the dissertation provides an example of the geographical 
dimension (i.e. the place-based limits and dynamics) to capital accumulation and 
illuminates where capital goes to resolve its crisis-tendencies based on political-
ecological processes. 
In order to theorize where capital goes, the dissertation draws on Harvey’s (1981; 
1982; 2001) notion of the “spatial fix”. The “spatial fix” refers to capital’s tendency to 
temporarily resolve its crises tendencies by establishing new markets, new sources of raw 
materials (and labor), and new (and cheaper) sites of production in new places. Following 
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Harvey (2001), the spatial fix calls our attention to “capitalism’s insatiable drive to 
resolve its inner crisis tendencies by geographical expansion and geographical 
restructuring” (Harvey 2001: 148). The spatial fix is a geographical dynamic that serves 
to overcome the barriers presented by overproduction (and corresponding 
underconsumption) and resource depletion that inevitably manifests themselves as 
capitalist industries concentrates in particular places (Harvey 1982; Jessop 2006).  
The “fix” provides a potential “deferment” and “displacement” of crisis-
tendencies via market expansion (and creation) by finding and securing profitable access 
to new sources of raw materials (Jessop 2006 citing Harvey 2001: 148). In short, the 
spatial fix is the production of new and emergent arenas for capital accumulation. 
However, as capital (re)concentrates in new spaces, it simultaneously leaves a path of 
“creative destruction” and disinvestment behind, a process that Smith (1984) identifies as 
capitalist uneven development. Here, winners and losers emerge with each successive 
“spatial fix” that are linked to the uneven social distribution of benefits associated with 
capital accumulation (Jessop 2006: 163). And the overall course of accumulation and 
environmental degradation depends on the extent to which the resulting uneven 
geographical developments provoke increasing opposition and resistance (Smith 2008). 
 
1.6 METHDOLOGIES EMPLOYED  
The dissertation draws upon quantitative and qualitative data through a mixed 
methods approach (Bassett and Zuéli 2000; Batterbury et al. 1997). The first component 
of the dissertation is an analysis of the legislative history pertaining to aquaculture 
development, conservation of mangrove resources, and land tenure in Tanzania.  This 
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includes records of litigation pertaining to aquaculture (including drafts and hearings 
from the proposed project in Rufiji), and descriptive data regarding the process in which 
regulatory standards were created.  I also collected information on the international 
certification requirements for industrial farmed prawn and analyzed for differences in 
stringency and foci of regulation.  I conducted semi-structured interviews and oral 
business histories with prawn farm owners and managers, as well as site visits to observe 
the processing plant, hatchery, and prawn farming operations on Mafia.  I also conducted 
participant observations of an Environmental Impact Assessment (EIA) of the prawn 
farm on Mafia Island. Lastly, I conducted semi-structured interviews with actors in 
national and international environmental NGOs, key informants in local communities in 
the Rufiji Delta and on Mafia Island, as well as state officials at local, regional, and 
national levels. These interviews focused on the motivations behind social movements 
against proposed farming sites, key arenas of state policies and practices in natural 
resource management, and the role of scientific discourses of environmental NGOs.  
The second component of this dissertation addresses the question of how 
production-location decisions are influenced by the nature of southern 
environments/aqua-ecological processes.  Water quality studies measured and mapped 
the water in the mangrove creek and adjacent coastal waters receiving effluents from the 
industrial prawn farm on Mafia Island. Semi-structured interviews and participant 
observations with villagers living adjacent to the prawn farm identified and prioritized 
ecological problems and locations.  Water quality measurements were used to produce a 
three-dimensional seafloor map and detailed water quality maps. These methods are 
adapted from a fisheries study conducted by Bryceson et al. (2006). 
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1.7 PRIMARY GOALS OF THE DISSERTATION 
This originality of this dissertation lies in its integration of ecological theory and 
social theory to explore the dynamics and consequences of food globalization are driven 
by the interlinked and interactive effects of ecological and social dynamics. It examines 
global shifts in industrial prawn farming from South Asia to East Africa to reveal how 
states, citizens, social and environmental movements, ecological processes, and political 
and economic institutions in the North and South interact and influence where prawn 
capital goes, why there, and not elsewhere. The dissertation contributes to the political 
ecology and agri-food studies literature by drawing upon ecological resilience theory that 
provides a more nuanced understanding of the ecological structure and function (not 
simply environmental regulations) of commodity production sites that shape global 
commodity chains.  The dissertation also invigorates resilience thinking by illustrating 
how power relations and historical understandings of place structure “social-ecological 
systems” and produce outcomes that are often highly contested from the perspectives of 
competing resource users. These contestations may hold the power and potential to shape 
and change the social-ecological system and deepen our understandings of the social 
dimensions of resilience thinking.   
 
1.8 STRUCTURE OF THE DISSERTATION  
The dissertation is divided into two parts and consists of eight interrelated 
chapters. Part I consists of Chapters 2 through 5. Chapter 2 presents the global food 
industry of black tiger prawn farming. It examines production trends and the social and 
 
 
23 
ecological impacts of industrial prawn farming. These production practices have led to 
various collapses in the industry. This chapter illustrates the response of prawn farming 
corporations, which includes technological innovation and global shifts in prawn 
aquaculture sites from South Asia to East Africa. The environmental history of the Rufiji 
Delta is the subject of Chapter 3. It focuses on the Warufiji’s livelihoods and coastal 
resource struggles, local opposition, and a grassroots environmental social movement 
against attempts of the prawn farming industry to establish new production sites in the 
Rufiji Delta.  Chapter 4 shows how the Warufiji’s resistance to unsustainable 
development was overcome by a politics of regulation in Tanzania.  It elucidates how 
certain prawn aquaculture practices that were formally considered unsustainable were 
declared sustainable in Tanzania.  Chapter 5 examines the discursive production of 
sustainable shrimp. It shows how the combined regulation and certification processes 
taking place on Mafia Island results in the “sustainable packaging” of prawns that 
satisfies Northern consumers but marginalizes Southern resource users who are being 
punished for their resistance to what is considered an unsustainable prawn production 
system.  
Part II analyzes the strengths and weaknesses of resilience theory to explain the 
social-ecological dimensions of the Mafia case study. It begins with Chapter 6 that draws 
upon ecological resilience to theorize the “ecological conditions” of prawn production. 
This chapter measures the ecological impact of the industrial prawn farm on Mafia Island 
through ecological resilience. Chapter 7 illustrates the politics of resilience thinking by 
integrating insights from political ecology. Ecological resilience has expanded its 
analysis to include combined “social-ecological systems”. This chapter inserts social 
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theory into social-ecological resilience thinking through a revised adaptive cycle model. 
The final chapter summarizes the main points and discusses the significance of this 
research in exploring how the dynamics and consequences of food globalization are 
driven by the interlinked and interactive effects of ecological and social dynamics.   
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CHAPTER TWO 
SHIFTING AQUACULTURE 
 
2.1 INTRODUCTION 
Aquaculture contributes to a steadily greater proportion of food production 
globally. In 2009, the FAO estimated that 56 million tons of seafood (excluding plants) 
were produced from aquaculture for human consumption. This is substantial when 
compared to capture fisheries rate of 89 million tons for the same year (FAO 2006-2011). 
Aquaculture holds the promise of boosting the production of aquatic food species at a 
time when wild stocks of these species are thought to be dwindling (Stonich et al. 1997).  
Industrial prawn aquaculture, particularly of the black tiger prawn (Penaeus 
monodon), is part of this global food industry (Vandergeest 2007). Black tiger prawns 
entered international circuits of capitalist accumulation relatively recently in history 
(Fougères 2005). Industrial prawn farming first began in South Asia where prawn 
producers adopted techniques pioneered in Japan and Taiwan to culture prawns in 
brackish water ponds constructed within mangrove ecosystems (Fougères 2005). 
Production became profitable and purposeful with growing consumer demand for this 
tropical seafood. Since then, there has been an explosive growth of export-oriented, 
capital-intensive prawn aquaculture over the past two decades (Vandergeest 2007; 
Stonich et al. 1997). Black tiger prawns are now a major export commodity that can 
generate enormous revenues. In value terms, the production from prawn farming is worth 
more than $14 billion dollars per year, which represents one-sixth of all aquaculture trade 
(FAO 2011).  
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The increased use of science and technology fueled the emergence of new 
markets for this industrialized form of production and circulation for consumption of 
black tiger prawn aquaculture (Fougères 2005). Standardized inputs and management 
techniques enabled the rapid transformation of mangrove ecosystems into controlled 
pond ecosystems. As Fougères (2005) aptly argues, this signaled the harnessing of 
scientific management and industrial technologies into systematic, controlled prawn 
cultivation and the beginning of a shift from to the real subsumption of nature of prawn 
and mangrove wetlands to capital. Subsumption is defined as a process by which capital 
subordinates nature in ways that increase productivity (Boyd et al. 2001). It involves 
adjusting technologies and management techniques to natural schedules of biology 
(re)production, to available physical quantities of resources, to site-specific conditions, 
and to the biophysical characteristics of a resource. For aquaculture, this includes 
physically reconstructing a mangrove ecosystem to a controlled production ecosystem 
with water pumps, manufactured feed, and chemicals used to produce prawns (Fougères 
2005). This allowed producers to rely on scientific management of water and agro-
industrial inputs to better predict the percentage of prawns in a pond that would survive 
to maturity and the booming prawn aquaculture industry began (Fougères 2005; Bailey et 
al. 1996).  
The ecological and biological requirements of black tiger prawn aquaculture limit 
profitable production to tropical or sub-tropical regions (Fougères 2005). Industrial 
farmed prawns are produced almost entirely in the coastal zones of tropical nations for 
export to the United States, Japan, Europe, and other wealthy countries (Vandergeest 
2007).  Prawns are a high-value, portable commodity that makes coastal resources in 
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developing countries more valuable and desirable (Vandergeest et al. 1999; Stonich and 
Vandergeest 2001). As such, prawn aquaculture is promoted (both by national 
governments and international development agencies) as a basis for rural development 
and the generation of foreign exchange. However, large-scale industrial aquaculture is 
mainly controlled and led by international joint-ventures, state-owned enterprises, and 
wealthy domestic investors (Fougères 2005; Bailey and Skadany 1991; Skladany and 
Harris 1994).  The primary motives for promoting export-oriented aquaculture 
development include generation of high profits for producers and input suppliers and 
enhancing export earnings for national treasuries, particularly for financially strapped 
governments (Stonich and Bailey 2000: 23). In some cases, merchants are the major 
beneficiaries at the expense of small scale producers and mangrove environments (Pearce 
2008).  
Black tiger prawns inhabit multiple coastal ecosystems. Prior the advent of prawn 
aquaculture, the particular ecosystem corresponded with prawn life stages (Fougères 
2005). This included offshore waters (during planktonic larval stages), inshore coastal 
mangroves and estuaries (during juvenile stages), and a return to deep offshore waters 
(during adulthood) where they breed. Aquaculture has replaced this life-cycle with 
artificial prawn hatcheries and prawn pond systems. The hatchery tanks and prawn ponds 
geographically bind migratory prawns and allow producers to raise them under controlled 
conditions. 
Producers construct hatcheries on the shore where they can access unpolluted 
seawater to pump through a system of tanks for hatching and raising larvae to a post-
larval (PL) stage. Hatchery tanks are stocked with either wild or laboratory bred adults 
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(broodstock) to produce eggs, larvae, and post-larval prawns. Broodstock are large 
individual prawns from deep offshore waters used to produce eggs in the hatchery.  PLs 
are then transferred to constructed ponds situated adjacent to or within mangrove 
ecosystems that contain brackish waters.  
In the construction process for semi-intensive prawn farming, the production 
process begins with mangrove deforestation and excavation of pond sites. It is common 
practice for prawn farm producers to physically excavate one-quarter to two hectares of 
soil to a depth of one meter. They then use the removed soils to build dikes around the 
excavated portion and fill the depression with brackish water. In these culture ponds, PL 
prawns are grown to a market size that are typically 35 grams. A range of feeds, 
fertilizers and often pesticides and antibiotics are continuously added to the pond as the 
prawns are grown to market-size.  
Global experience with industrial prawn farming is characterized by processes of 
social dislocation and negative ecological impacts.  The industrialization of prawn 
farming results in the depletion of the natural resources that are necessary to sustain 
production, but also resources those living adjacent to prawn production sites depend on 
for their livelihood security.  In response to the negative social and ecological impacts 
associated with the prawn farming industry, companies are often faced with two choices. 
The first is investing in reorganization through technological innovation to address 
negative ecological impacts. The second is relocating to new areas of production.  
Capitalist industries’ need to expand their base of production in order to avoid or 
respond to these types of ecological and social crises (Fougères 2005). As Watts (1999) 
argues, commodities embody capitalist relations which are simultaneously geographical 
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relations. The tendency of prawn companies is to shift prawn aquaculture production to 
new, uncontaminated sites, rather than incur the costs of technological innovation. This is 
what David Harvey refers to as the “spatial fix”. It has also been compared to slash-and-
burn “shifting agriculture” (Stonich et al. 1997). The mismatch between short-term 
profits and high yields that result in longer-term environmental impacts and socio-
economic costs is a significant factor in encouraging this practice of shifting aquaculture 
(Kautsky et al. 2000).  
The various social and environmental impacts of industrial prawn farming are 
explored in the following section. Industry responses to these associated impacts are also 
analyzed either through technological innovation or relocation. The next sections 
illustrate a growing trend in shifting aquaculture sites from South Asia to East Africa.  
 
2.2 SOCIAL AND ENVIRONMENTAL IMPACTS OF INDUSTRIAL PRAWN  
      AQUACULTURE 
  
The prawn farming industry has played a dramatic role in transforming coastal 
landscapes and livelihoods in tropical areas around the world. Despite the promise of 
enormous foreign exchange earnings from prawn exports, the global experience with 
prawn production indicates there are more disadvantages than advantages. Negative 
impacts from industrial prawn farming on water quality and benthic conditions have 
wide-reaching environmental and social impacts (Kautsky et al. 2000). This has led to 
growing concerns over the social, economic, and environmental consequences associated 
with the industry (Vandergeest et al. 1999; Vandergeest 2007).  The considerable extent 
of environmental and social problems often associated with industrial prawn farming 
operations are explored in this section.   
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The most common environmental impacts associated with industrial prawn 
production include clearance of mangrove resources for construction of prawn ponds and 
related infrastructure, pollution from pond sediment disposal, changes in benthic 
communities, disruption of hydrological systems, and extensive use of a variety of 
chemical products (Lebel et al. 2002; Primavera 1997, 2006; Flaherty et al. 1999). 
Rampant prawn disease outbreaks in production ponds and the indiscriminant fishing of 
wild prawns that serve as broodstock in prawn hatcheries are also major problems 
associated with the industry. However, it important to note that the nature, severity, and 
extent of environmental impacts are differ from one place to another and depending on 
the type and intensity of prawn aquaculture practiced (Barraclough and Finger-Stich 
1996). 
Mangrove forests are an important resource that support highly productive 
fisheries, a significant biodiversity, protect riverbanks and shorelines against erosion and 
storms, and are valuable in sustaining the needs and livelihoods of many coastal 
communities (Erftemeijer 2002).  Industrial prawn farming often causes widespread 
destruction of mangrove ecosystems. Mangrove forests are removed to make room for 
production ponds and infrastructure. This causes local stocks of native fish and 
crustaceans to decrease because mangrove forests serve as important nursery beds for 
many species. Mangrove forests also act as biofilters to assimilate waste and nutrients. 
According to Naylor et al. (2000), this benefit decreases when the relative area of ponds 
increases. Based on a study in Malaysia, Naylor et al. (2000) estimate that the loss of one 
hectare of mangroves results in the loss of more than 100 kg of on-site fish biomass, and 
another 600 kg of fish and 600 kg of prawn in coastal waters.  
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Industrial prawn farming also disrupts hydrological systems. Pumping fresh water 
into prawn production ponds depletes ground water aquifers. After a production cycle, 
ponds are cleaned and disinfected by removing polluted sludge from the bottom of the 
pond (Barraclough and Finger-Stich 1996). Places where polluted sediments are disposed 
often experience hyper-eutrophication and organic enrichment that can potentially lead to 
anoxic sediments. Eutrophication, sedimentation, and salinization in surrounding 
mangrove creeks are the most common ecological impacts on surrounding hydrological 
systems from industrial prawn farming (Lebel et al. 2002; Primavera 1997, 2006; 
Flaherty et al. 1999; Stonich and Vandergeest 2001; Stonich and Bailey 2000). Sediments 
dumped into coastal creeks also affect the growth and survival of mangroves (Vaiphasa et 
al. 2007).  
The accumulation of water pollution increases through the use of chemicals to 
pre-treat water and guard against prawn disease outbreaks (Lebel et al. 2002). Piscicides 
are often used to remove fish from prawn ponds prior to stocking the ponds with new 
PLs. Chlorine is commonly used to kill bacteria and viruses in the water added to the 
prawn ponds. Chlorine can kill small crustaceans and other invertebrates and adversely 
affect phytoplankton and macroalgae abundance (Kautsky et al. 2000). When water 
quality starts to decline, the risks of prawn disease increase rapidly (Lebel et al. 2002).  
Although antibiotic use is a common practice for preventing prawn disease 
outbreaks, the full extent of antibiotic use is unclear (Gräslund et al. 2003; Gräslund and 
Bengtsson 2001; Holmström et al. 2003). The main concern is the impact of antibiotic 
use over time in promoting the spread of antibiotic resistance in both human and fish 
pathogens (Naylor and Burke 2005; Gräslund and Bengtsson 2001). The detection of 
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antibiotic use in industrial prawn farming can be side-stepped by using antibiotics up to 
the last grow-out phase of the prawn growth cycle so that antibiotics are not found during 
export health inspections. Despite this, the use of antibiotics can lead to antibiotic-
resistant bacteria both inside the pond production units, as well as outside the ponds with 
wild populations of prawn and bivalves in surrounding coastal areas that receive prawn 
farm effluents (Holmström et al. 2003).  
These environmental impacts associated with the transformation of mangrove and 
coastal ecosystems for industrial prawn farming undermine the livelihoods of rural 
resource users who are reliant on mangrove and other coastal ecosystems (Stonich and 
Vandergeest 2001; Stonich and Bailey 2000; Stonich et al. 1997). The most common 
contentious social issues from industrial prawn farming include social equity, loss of 
goods and services from coastal ecosystems, property and use rights, spiraling land costs, 
competition for credit, land, and other resources, as well as the concomitant 
marginalization of small producers. The environmental impacts of prawn farming that 
directly affect local resource users include declines or contamination in the amount of 
fresh water left to meet customary needs for irrigation and other household uses, negative 
impacts of salt intrusion on agricultural areas, and fish and crab kills in surrounding 
mangrove creeks as a result of chemical use in nearby production ponds. 
Industrial prawn aquaculture often expands in coastal areas previously managed 
under some type of common property regime. To produce this high-value commodity, 
industrial aquaculture encloses and often degrades common property resources vital for 
subsistence and economic activities such as providing food, medicine, shelter, fuelwood 
and marketable commodities. This results in conflicts between prawn farm owners, 
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managers, and, in some cases, workers with local resource users over access and control 
over these important and valuable coastal resources.  
At a macroeconomic level, industrial prawn farming appears beneficial, but when 
approached at a microeconomic level, and couched in terms of resource allocation, 
environmental quality, and social equity, the benefits are more dubious. Some critics 
argue that global experience with industrial prawn farming exemplifies global 
environmental and social injustice, since almost all farmed prawn is consumed in rich 
countries, while poor people in tropical countries bear the social and environmental 
consequences (Skladany and Vandergeest 2004: 25). The largest share of financial 
rewards tend to result in capital accumulation for a small number of wealthy national and 
international investors, while local populations bear the brunt of these negative 
externalities.  
 
2.3 GLOBAL COLLAPSES IN INDUSTRIAL PRAWN FARMING  
By the mid-1980s, indications of serious environmental and social problems 
associated with the unbridled growth of the prawn aquaculture industry appeared, 
primarily in South Asia (Stonich et al. 1997).  The destruction of mangrove ecosystems, 
overstocking of ponds, and excessive cropping that impeded adequate recuperation of 
ponds between harvesting and restocking became widespread. By the 1990s, serious 
collapses began to spread across South Asia that greatly affected global production 
(Fougères 2005). This was largely the result of pollution and disruption of hydrological 
systems along with epidemic prawn diseases accompanied with the growth of the South 
Asian prawn industry (Walker and Mohan 2009).  
 
 
34 
High densities of prawns in ponds along with an increased use of commercial 
feeds for higher growth rates in prawn production result in a large amount of waste 
effluent. These various factors contribute to fertile conditions for the growth of viral and 
bacterial prawn disease. Diseases like “red gills” or “white spots” began to decimate 
prawn ponds in South Asia. Many South Asian coastlines are particularly prone to prawn 
disease outbreaks because prawn farm are situated in close proximity to each other which 
affects the quality of vast quantities of water required to maintain the farms. Epidemics 
spread rapidly because producers would drain contaminated ponds in order to harvest 
remaining prawns or restore its productivity into commonly used water canal systems. 
The daily inflow and outflow of the tides helped to spread this water to areas surrounding 
the original pond, where subsequent producers would unwittingly bring it into their own 
healthy ponds by turning on their water pumps to take up or release water.  
The combination these various negative ecological factors cause industrial prawn 
production ponds to have a tendency of a maximum lifespan ranging from five to ten 
years (Kautsky et al. 2000; Lebel et al. 2002). Wide-scale protests against these negative 
ecological as well as the aforementioned social implications of industrial prawn farming 
contributed to the collapse of the industry in many places. Protests in the Tamil Nadu, 
Kerala and west Bengal states of India led to Supreme Court ruling that banned all 
industrial prawn farming in 1996. The boom and bust nature of the black tiger prawn 
industry is illustrated in Figure 1. 
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Figure 1. Aquaculture production of Penaeus mondon by the seven major producing  
                 countries (1980-2009).  Data from FAO FishStat (2011). 
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2.4 PRAWN AQUACULTURE REORGANIZATION OR RELOCATION?  
In response to a collapsing industry in South Asia, prawn farm owners are often 
faced with a choice of either reorganizing through technological innovation to address the 
ecological impacts or relocating to new areas of production.  It should be noted, however, 
that there are some instances in which prawn industry collapses allowed smallholders to 
gain control over and lead industrialization despite disease and financial crises such as in 
Indonesia (Fougères 2005). The most notable technological innovation for industrial 
prawn farming is a shift from farming black tiger species (found in the Indian and west-
Pacific oceans) to white-leg species Litopeneaus vannamei (found in the east-Pacific 
Ocean off the coast of South America) in an attempt to “run ahead” of common prawn 
disease outbreaks. However, relocation to new production sites allows producers to 
expand their operations to maintain profits and to overcome immediate problems of 
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environmental degradation and mounting environmental opposition and regulation 
(Pradhan and Flaherty 2008).  
 
2.4.1 Technological Innovation 
Various technological innovations have been proposed in industrial prawn 
farming. These include reducing water exchanges to assist in disease prevention and 
improve the quality of effluents (Lebel et al. 2010). Most producers choose more closed 
systems to reduce effluents. However, this can also be achieved through polyculture 
farming methods with bivalves and fish. The treatment of effluent discharge in order to 
reduce the load of pollutants into natural water bodies through sediment basins is another 
proposed technological solution. Rather than invest in these innovations, the tendency for 
industrial prawn farming companies is to shift from the black tiger prawn species to the 
pacific white-leg prawn (L. Vannamei) to try to “run ahead” of diseases (Figure 2). 
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Figure 2. World aquaculture production of Penaeus monodon and Litopenaeus vannamei  
                 (1980-2009). Data from FAO FishStat (2011). 
 
 
Lebel et al. (2010) claim that the environmental impacts of white-leg prawn are 
less than black tiger prawns. Lebel et al. (2010) specifically argue that the Pacific white-
leg species are easier to manage for disease outbreaks, grow faster, can be stocked at 
higher densities, and require lower food costs. Lebel et al. (2010) argue that Pacific 
white-leg prawns are a more suitable species for industrial prawn production because 
they produce a pathogen-free broodstock.  This is thought to decrease both the incidence 
of disease outbreaks as well the dependency on ocean resources for wild broodstock. 
They are also considered more efficient eaters that require fewer feed inputs and produce 
less waste. Thus, promoters of the white-tiger species argue for the substitution to the 
black tiger species in order to reduce environmental impacts.  
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Although Lebel et al. (2010) acknowledge that there are some ecological 
consequences of white-leg prawns including the introduction of non-native pathogens, 
predation, competition, and alteration of local ecosystems (Briggs et al. 2005; Senanan et 
al. 2007), other significant issues remain unsolved. In-take water from the ocean must 
still be disinfected prior to stocking white-leg species even if it is considered “pathogen-
free” (Lebel et al. 2010). Furthermore, newly introduced species are generally not 
susceptible to viral and bacterial pathogens during their initial years because the existing 
viruses and diseases are not adapted to targeting the specific characteristics of these new 
species. Over time, however, these diseases adapt and target the characteristics of these 
newly introduced species which leads to disease outbreaks. These disease outbreaks are 
documented for the white-leg prawns. They have a history of serious disease problems 
with the “Tara syndrome” experienced in Ecuador and other South American countries 
that may recur elsewhere (Bryceson Forthcoming). Furthermore, white-leg species 
produce less waste per/kg, but higher stocking densities associated with the species result 
in an increase in the total waste produced. They can also tolerate a wider range of 
salinities which increases salinity in surrounding waters. Lebel et al. (2010) suggest that 
the white-leg species is disease resistant and more efficient as a “detritus-feeder” than 
black tiger prawn species (Bryceson Forthcoming). However, the dietary difference in 
percentages of fishmeal used for white and black prawn feeds is marginal with 35% for 
black tiger prawns and 25% for white-leg prawns (Lebel et al. 2010). Furthermore, 
industrial aquaculture of each of these species undeniably consumes enormous quantities 
of fish meal and fish oil (Bryceson Forthcoming). A more common “solution” to these 
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ecological problems and degraded pond production sites is to move aquaculture 
operations to new sites.  
 
2.4.2 Shifting aquaculture sites from South Asia to East Africa  
Prawn producers have a tendency to seek immediate profits rather than choose 
more “sustainable” ecological production practices.  I refer to more “sustainable” 
production by drawing examples from polyculture techniques. Integrated polyculture 
systems of aquaculture-agriculture are highly effective, energy-efficient, and non-
polluting (Bryceson Forthcoming citing Hu and Zhou 1990 Yang et al. 2001; Le 2001; 
Nhan 2007).  Furthermore, some Chinese aquaculturalists operate large-scale production 
based upon these principles of integration (Bryceson Forthcoming citing Little and Muir 
1987).  However, rather than choosing these types of “reorganization”, prawn farming 
companies often move to new, uncontaminated sites (Naylor et al. 2000). When the 
prawn industry collapses in one place like India or Thailand, prawn farming companies 
often choose to establish new markets with new resources in new and cheaper sites of 
production in tropical, coastal zones of Asia, Latin America, and most recently Africa 
(Figure 3; Goss et al. 2000).  
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Figure 3. Aquaculture production of Penaeus mondon in African countries (1989-2009).   
                Date from FAO FishStat (2011). 
 
 
Shifting aquaculture sites are often promoted by multinational corporations, 
national governments, and international development agencies (Stonich and Bailey 2000: 
23). Many governments perceive prawn aquaculture as a means to attract foreign 
investment, increase export earnings, and improve their balance of trade. However, the 
human and environmental costs are often not taken into consideration (Stonich et al. 
1997: 171). Due to the constraints of industrial prawn production in South Asia, the FAO 
(2004) reveals many Asian aquaculture entrepreneurs are increasingly finding it 
commercially attractive to develop aquaculture production units along the coast of East 
Africa (38). As prawn aquaculture moves steadily into new regions, it consumes valuable 
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resources, disrupts local communities, and leaves in its wake extensive areas of polluted 
and infertile land and water resources (Barraclough and Finger-Stich 1996).   
 
2.5 SHIFTING AQUACULTURE TO THE RUFIJI DELTA? 
Just as shifting aquaculture sites for industrial prawn farming promote the 
formation of new institutional linkages among international agencies, multinational 
corporations, nation states, and national elites, so too have local and national groups 
moved to global resistance against the industry (Stonich and Bailey 2000: 27). In 
response to the ecological and social impacts in the industry, grassroots resistance 
movements among the poor have emerged. Concerns center on environmental justice and 
sustainable development, especially on the issue of reduced access to common-property 
resources (mangroves, estuaries, seasonal lagoons, fishing grounds, fresh water) essential 
to rural livelihoods and on environmentally destructive farming practices by the industry.  
These tensions have catalyzed the formation of global alliances of environmental 
and peasant-based non-governmental organizations (NGOs) opposed to prawn farming 
and industry groups seeking to counter the claims and campaigns of the resistance 
coalition (Stonich and Bailey 2000: 24).  Thus, the escalating conflicts between critics 
and supporters of industrial prawn farming transcend local and national arenas.  
Activities of these predominantly subsistence farmer and fisher groups range from 
passive resistance to violent conflict and from confrontation to negotiated conflict 
resolution. To some, these groups represent the local manifestation of a broader 
movement that incorporates social and environmental issues into a common campaign for 
socially and environmentally equitable and sustainable coastal development. The next 
 
 
42 
chapter will explore the emergence of a resistance movement against industrial large-
scale prawn aquaculture in a shifting aquaculture site from South Asia to the Rufiji Delta 
mangrove forests of Tanzania.   
 
 
43 
CHAPTER THREE 
REVISITING RESISTANCE IN RUFIJI 
 
3.1 INTRODUCTION 
Located approximately 250 miles south of Dar es Salaam, the focus of this research is on 
the northern Rufiji Delta islands, referred to as the Rufiji Delta North (Figure 4). The Rufiji 
Delta contains the largest continuous block of estuarine mangrove forest in Africa, and is of 
considerable economic and conservation importance (Bryceson 2002).  The Rufiji Delta North is 
comprised of the Salale and Mtunda wards of the Rufiji District. According to the 2002 
Tanzanian Population Census, Salale ward has three villages consisting of 8,290 villagers and 
Mtunda ward has four villages consisting of 7,677 villagers.  The total number of villagers living 
in the Rufiji Delta North is estimated to be 18,000.  
 
Figure 4. Ecological and agro-economic zones of the Rufiji District, Tanzania (Source:  
                 Havnevik 1993).  
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Participant observations, semi-structured interviews, and oral histories with Rufiji Delta 
villagers mainly residing in Mshinzi and Mchele1; with the Forestry and Beekeeping Division 
(FBD) of the Ministry of Natural Resources and Tourism (MNRT); and key players in the 
grassroots environmental movement, including national and international environmental NGOs 
such as Lawyers Environmental Action Team (LEAT), Journalists Environmental Association of 
Tanzania (JET), World Wide Fund for Nature (WWF) Tanzania representatives; national and 
international scholars; and continual communications with Warfuiji villagers through 2010 
inform this aspect of the case study. For this chapter, I acquired documentation of the legislative 
history pertaining to aquaculture development, mangrove forest governance and conservation 
measures, and land tenure in Tanzania. I also used records of litigation pertaining to aquaculture 
(including drafts and hearings from the proposed project in the Rufiji Delta) and descriptive data 
regarding the process in which regulatory standards are created.  
 
3.2 MANGROVE FOREST GOVERNANCE AND LAND TENURE  
All of Tanzania’s mangrove forests have protected status. The Forest Ordinance of 1957 
Cap 389 allowed for the creation of forest reserves by government decree after considering any 
objections by interested parties to this de jure transfer of rights from local communities to the 
state (United Republic of Tanzania 1994). The FBD of the MNRT is currently responsible for 
mangrove forest management. The National Forest Policy in 1998, the National Forest Program 
in 2001, and the new Forest Act in 2002 forbid any person, without a license or other lawful 
authority, to cut, burn, or damage mangrove trees in the forest reserve area. There is also a ban 
on cutting all mangroves, particularly for the expansion or opening of new rice farms, in the 
Northern Rufiji Delta (Semesi 1991).  In fact, the Mangrove Management Plan established in 
                                                
1 To protect my informants, I changed the names of individuals and communities discussed. 
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1991 designates the majority of the north Rufiji Delta mangroves as “total protection zones” 
which legally restricts forest access to scientific uses and protective functions only (Semesi 
1991). These restrictions remain in force today despite the presence of 18,000 people residing in 
the area.   
The Tanzanian state established agreements with forest communities to jointly manage 
the forest reserves. In 1998, the FBD initiated a joint management agreement (JMA) with 
villages in the Rufiji Delta North Mangrove Forest Reserve. Communities are divided into 
villages, which are managed by elected village councils (Blomley et al. 2010). The 2002 Forest 
Act recognizes two different types of participatory forest management (PFM) (Blomley et al. 
2010).  The first is community-based forest management (CBFM) that enables local 
communities to establish village, group or private forest reserves on village land. These 
communities are both forest owners and managers of these reserves. The second type is joint 
forest management (JFM) which takes place on reserved land that is owned and managed by the 
central or local government (typically managed by the FBD). Communities can sign joint 
management agreements (JMAs) with the state to share in the costs, benefits, and responsibilities 
of forest management. Under this arrangement, communities are “co-managers” of forests 
otherwise owned by the district or central government. In theory, the village governments have 
primary protection and management responsibility of the forest. However, the Forest Act of 2002 
does not explicitly state how the benefits of forest management under JMA are to be equitably 
shared with participating communities (Blomely and Iddi 2009).  
The uncertainties of forest management under JMAs may be a result of the “legal 
quagmire” (Homewood 2006 citing Shivji 1994) of land tenure in Tanzania, particularly within 
Forest Reserves. Despite their presence within the delta for over 2000 years, the existence of 
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ancestral burial grounds, and villages that have been formally registered (NEMC 1997), the 
Warufiji’s land rights remain highly uncertain. According to the Forest Ordinance of 1959, the 
Warufiji are regarded as “squatters” as they are occupying land declared as Forest Reserves 
(NEMC 1997). Land tenure insecurity in Tanzania is further compounded by the 1995 National 
Land Policy which explicitly states that the President owns all land in Tanzania in trust for 
present and future generations and that the state can dispossess customary owners for “public 
interest” because land is “public property” (Shivji 2006). These insights into land tenure in the 
Rufiji Delta are important for understanding how attempts by foreign corporations to establish an 
industrial prawn farm in the Rufiji Delta were legitimated by the Warufiji’s land tenure 
insecurity.  
 
3.3 ENVIRONMENTAL HISTORY OF THE WARUFIJI 
This section highlights the environmental historical role of the Warufiji in the making of 
the delta landscape. I illustrate how the Warufiji’s history of fiercely resisting claims on their 
resources and labor by outsiders was paramount to a grassroots environmental campaign that 
successfully halted a proposal for the world’s largest industrial prawn farm in the Rufiji Delta 
mangrove forests from 1996 to 1998. Archival records show the Rufiji Delta as a socio-natural 
landscape in which farming and intensive logging were widespread since at least the nineteenth 
century. The area was yielding at least two rice harvests per year and mangrove poles were 
traded within local, regional, and international circuits.  The patchy nature of the Rufiji Delta 
landscape is derived in part from the fluvial geomorphology and in part from human use. This 
patchiness is described by 19th century explorers, colonial foresters, and environmental 
historians.   
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Late 19th century explorers encountered a working landscape in the Rufiji Delta. The 
region’s history is intimately tied to the presence of the coastal Swahili culture based on nearly 
two thousand years of trading connections between Zanzibari, Somali, Arab, Persian, and Indian 
traders and the East African coast (Havnevik 1993; Chami and Msemwa 1997). After 1730, the 
Omani engaged in extensive trading along the East African coast especially for mangrove poles 
to supply the Arabian coastline that was deficient in timber. The Omani merchants traded 
mangrove poles. James Elton documented extensive settlements and trade during his travels 
along the Rufiji River in 1879. In the Rufiji Delta North, he described villages as “well built and 
populous near mangrove creeks in order for the large important trade for copal, ivory, wax, 
woods, and grain” (Elton 1879: 91).  
Coastal traders highly valued mangrove poles from the Rufiji Delta. Preference was 
given for species such as Rhizophora mucronata, Ceriops tagal, and Bruguierea gymnorhiza. 
Bark, used for tanning and making resins, was also considered a valuable delta product (Barker 
1936). In 1878, Rufiji was the main source of the mangrove trade for the Red Sea and Arabia 
(Sunseri 2009). In 1899, the Sultan of Zanzibar had the right to exploit the Rufiji Delta for 
mangrove poles free of charge, despite the area being under control of the German Forest 
Department.  At this time, fleets of Arab and Persian dhows that could load up to two hundred 
mangrove poles landed in the Rufiji Delta. Merchants purchased poles in chase and in kind (such 
as dates).  
William Beardall was commissioned by the Sultan of Zanzibar, H.H. Seyyid Burghash, to 
collect information of the country and people along the Rufiji river and its southern tributary in 
1881. From Zanzibar, the expedition entered Rufiji through the Simba Uranga mouth of the 
river. In Beardall’s account of his journey, he describes the area as “avenues of mangrove trees 
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growing in mud swamps, occasionally passing one or two small huts built on piles, the 
inhabitants of which were beginning to get in their second crop of rice” (Beardall 1881: 641). In 
1901, a German Captain (Prussing) also navigated through the Rufiji River.  Entering from the 
sea on the Simba Uranga mouth near the forest station of Salale he describes loading places for 
wood and states that much of the land was very suitable for rice growing (Anonymous 1901). A 
British colonial forester also documented this same area in 1938 stating that “the area supports a 
native village, a few Indian and Arab shops, and some good agriculture” (Grant 1938: 15).   
Eighty to ninety percent of all wood exported from German East Africa originated in the 
Rufiji Delta (Schabel 1990). In a five-month period from 1902-1903, the colonial government 
consumed approximately 280,000 logs of varying lengths for its steam engines (Sunseri 2009).  
To maintain these forest resources, silviculture became a common practice. The German Forestry 
Department planted mangrove species for which demand was greatest. Merchants also prized the 
bark used for tanning and making resins (Barker 1936). Beginning in 1923, the colonial 
government granted concessions to private companies to log mangrove poles from the Rufiji 
Delta. The sultan of Zanzibar also continued to enjoy his “unrestricted user privileges” in two 
forests of one hundred hectares each (Schabel 1990).  Mangrove merchants also purchased wood 
directly from the forest administration.  By the end of German rule, up to 78 percent of all 
mangroves in German East Africa were leased to bark exploiters (Sunseri 2009). Mangrove 
forest exploitation accelerated considerably in the 1940s under British rule. In 1948, the 
mangrove concession was considered a “gold mine” (Havnevik 1993).  
Historical accounts of the Warufiji’s rice cultivation practices are closely intertwined 
with the dynamic ecosystems of river deltas. All river deltas continuously change their flow 
patterns and courses at differing scales in time and space (Sandberg, 2010). The Rufiji river delta 
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is no exception and through the ages, the main channel has undergone many permutations in its 
outlets.  Local resource users adjusted to the unpredictable shifts in the Rufiji River’s course 
(Marsland 1938). Ronald de la Barker described the Rufiji Delta’s dynamism in the 1930s by 
stating, “every flood season makes changes in both the river and delta” (Hoag and Ohman 2008).  
Small bays become sandbanks and sometimes covered with vegetation, old river courses become 
blocked, and new channels were farmed. The ever-changing orientation of the main channel 
continues and the valley has become furrowed with old river beds, lake beds, and depressions 
which are practically waterless in the dry season but became potential rivers or reservoirs during 
high floods. 
Fluctuations and variability in flooding has occurred throughout the Rufiji river delta’s 
history with new patterns of flooding every year, particularly during the long rains that bring 
fresh water to places that were previously too saline (Marsland 1938; Havnevik 1993). Flooding 
data in the Rufiji Delta illustrates a series of annual peak floods above ten feet from 1927-1937 
(Marsland 1938).  As a result of thousands of years of flood and tide action and of differential 
silting as the meandering changes the course of the river, soil conditions have also experienced 
slow changes (Sandberg 2010). 
The Warufiji’s shifting rice cultivation practices represent adaptive solutions to this 
complex river system. They combine mangrove silviculture with rice paddy farming by 
abandoning rice paddy fields when they become too saline due to seasonal changes (small 
temporal scale) or river course changes (long temporal scale). Thus, Warufiji rice farmers plant 
and farm rice seasonally in relation to their predictions for salinity changes. The closer to the 
mouth of the Rufiji River, the greater the exposure is to salt water which causes shorter periods 
suitable for growing ric
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(Primavera 2009) and the Warufiji allow the mangroves to regenerate naturally while preparing 
new rice fields in less saline areas. Natural regeneration of mangrove forests also contributes to 
higher biodiversity than silviculture, which often involves the planting of one or few species. 
These subsistence rice farming systems have been recognized for at least two centuries in the 
Rufiji Delta and demonstrate that Delta North is an agroecological landscape.   
The Warufiji’s livelihoods revolve around the use of mangrove resources (Rweyemamu 
1973). Small-scale fishing and subsistence rice cultivation remains their principle activities. The 
Rufiji Delta supports one of the most important fisheries in Tanzania’s coastline.  Prior to the 
ban on all licensing for industrial prawn trawling in 2002, the Rufiji Delta accounted for 
approximately 80% of all wild prawn catches in the country (Gibbon 1996).  This extensive use 
of mangrove forests in Rufiji Delta North for farming, fishing, logging, and forestry 
demonstrates a highly utilized environment. 
 
3.4 A HISTORY OF RESISTANCE  
The historical connection and between resource use and livelihoods in the Rufiji Delta 
provides insights into why the Warufiji have a long history of resisting outside claims to their 
labor and resources. The Warufiji have historically been known throughout Tanzania as being 
resistant to outside influences and for their “stubbornness” (Turok 1975; Sandberg 1974). The 
British consul to Mozambique, James Elton, visited the Rufiji Delta North in the 1ate 1870s. In 
Elton’s account of his travels, he stated that the “Rufiji sell but few slaves to the Arabs, who do 
not care to meddle with them” (Elton 1879: 100).  
The most dramatic example of the Warufiji’s resistance to external claims on their labor 
and resources was their strength and collective resistance to the forced cotton cultivation policies 
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of the German Colonial Government in 1902.  The brutality of forced cultivation and its effects 
on rural livelihoods led to the largest peasant uprising in colonial Africa known as the Maji Maji 
rebellion (1905-1907) in which over 75,000 Africans were killed. Sunseri (2003; 2005; 2009) 
argues that the Maji Maji rebellion was sparked by the Warufiji’s refusal to recognize the 
colonial state’s claims to forest resources and their resistance to wage labor as wood cutters and 
tree planters during German colonial forestry (Sunseri 2005). The Warufiji were also considered 
by President Nyerere to be the most supportive against the British in the struggle for 
Independence (Hyden 1980).  
More recently, the Rufiji Delta North residents resisted villagization campaigns in 1968-
1974 led by President Nyerere. Those living in the delta refused to comply with the government 
to move to villages both in 1968 and during the second campaign in 1973 known as “Operation 
Pwani” (Sandberg 1974). The Warufiji’s refusal to leave the Delta North during villagization is 
consistent with a long history of resistance to external interventions. In 1996-1998, the Warufiji 
resisted attempts of foreign investors to build the world’s largest industrial prawn farm in the 
delta. 
 
3.5 CONTROVERSY OVER AN INDUSTRIAL PRAWN FARM IN THE DELTA 
In 1996, the African Fishing Company (AFC) Ltd., a subsidiary of Tannol Holding Ltd. 
of Korea, attempted to gain control over a 19,000-hectare tract of land in the Rufiji Delta to 
construct the world’s largest industrial prawn farming project (Bryceson 2002). This proposed 
project created one of the largest conservation and development controversies in contemporary 
Tanzania.  This section examines this initiative to establish an unsustainable production system 
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in an ecosystem known globally for its ecological importance and inhabited by a people known 
for their resistance to outside interventions.    
The size of AFC’s investment (US $200) million and the foreign exchange earnings that 
were expected to exceed US $500 million per year were major incentives behind the 
government’s support for the mega prawn farm.  The AFC sought access to what they argued 
was “public” land in the Rufiji Delta to create the prawn ponds and a processing plant. However, 
these facilities were proposed within the Rufiji Delta North Mangrove Forest Reserve. The 
company proposed to build a processing plant at Nyamisati village and construct prawn ponds 
throughout the Rufiji Delta North. They proposed to build a hatchery on Bwejuu Island which is 
a small island that is part of Mafia Island and within the Mafia Island Marine Park. 
During this time in Tanzania, the National Environment Policy of 1997 endorsed 
Environmental Impact Assessments (EIA) as a key tool in national planning and decision-
making to avoid “unnecessary damage to the environment”.  But EIAs were not legally required 
(FAO 2009). They were left to the discretion of investors themselves.  An EIA report, “An 
Ecologically-Responsible Prawn Farming Project in the Rufiji Delta, Tanzania”, was 
commissioned by the company using “qualified external consultants” (FAO 2009). This was 
submitted to the Tanzanian government in April 1997 (Ndimbo et al. 1997). The EIA was done 
on the initiative of the promoter, partly as a justification of their initial plans and at least partly as 
a defensive exercise. As expressed by the project manager at the time, “because the project was 
in an environmentally sensitive area, we hired internationally recognized scientists from the US 
and Thailand to conduct an EIA to defend us from attacks from the environmental community” 
(FAO 2009 citing Hirono 2007).  
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In its EIA, AFC proposed to construct 6,000 ha of ponds on 10,000 ha of land within five 
years (Ndimbo et al. 1997). It proposed to use semi-intensive production because it was 
“environmental friendly”.  In terms of environmental impacts, the company promised only 
limited conversion of some mangrove forests for prawn ponds. There would be only moderate 
discharge/effluents that could potentially cause eutrophication and increased sedimentation. It 
also claimed that pollution problems from discharge at the hatchery and processing plant would 
have little impact on the surrounding environment. 
In sum, the EIA declared that its operations would have “limited impact on the 
surrounding ecosystem” because chemicals would not be used, and the prawn farm would not 
deplete freshwater or cause sediment spoils (Ndimbo et al. 1997). It’s authors found no risk of 
prawn disease, exotic species introduction, resource depletion, destruction on surrounding flora 
and fauna, impact on biodiversity, and social conflicts.  In the event that environmental problems 
did emerge, the EIA states that “environmentally friendly management” would solve them 
(Ndimbo et al. 1997). The project manager for the company proclaimed in an interview that the 
EIA was “complete and accurate” (Hirono 2007).  
After reviewing this EIA report, the Vice President’s office and the Minister of MNRT 
approved the project on November 19, 1997. Prawn farm supporters argued that the project 
would provide foreign exchange earnings and create jobs for local communities. As the project 
manager stated at the time, “the project planned to hire thousands of needy people” and have “a 
positive economic impact on the region and the country, a country dependent on donor nations 
for almost everything” (Hirono 2007). Shortly thereafter, a review of the AFC’s EIA report by 
the Tanzanian National Environmental Management Council (NEMC) was publicized and 
several negative impacts were revealed including that the project proposed very little mitigation 
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efforts. A main critique of the EIA was that it was biased because it was financed by the 
prospecting developer. The Tanzanian government then directed NEMC to coordinate an 
independent review to evaluate the strengths and weaknesses of the company’s EIA report and 
advise the government accordingly.  
The technical review of the EIA (led by Esther Kerario) was submitted to the Tanzanian 
government on August 1997 by NEMC. Social and environmental experts at NEMC reviewed 
the report and argued that the damage to the environment would far outweigh the profit.  Overall, 
the NEMC review report found that “the proposed project would cause severe environmental, 
economic, and social damage to the Rufiji Delta area and its residents, while its contribution to 
the national economy was doubtful and/or exaggerated” (NEMC 1997). The report also revealed 
that the EIA by the company had significant omissions, misrepresentations, errors and 
contradictions. These shortcomings were found to be “made deliberately and in bad faith and 
deliberately ignored important legal, economic, social, and environmental yardsticks in reaching 
its findings” (NEMC 1997: iii). Furthermore, the NEMC report highlighted the contradictions, 
omissions, errors, misleading facts and figures, and a number of statements and assumptions 
made without substantiation (NEMC 1997).  
NEMC found that the proposed project was contrary to the National Land Policy, the 
Land Ordinance, the Forest Ordinance, and the Marine Parks and Reserves Act No. 29, 1994 
(Ngaiza 1998a). The National Land Policy of 1995 and Land Ordinance of 1923 were 
contravened by transferring right of occupancy to the developer without recognizing the 
customary rights of smallholders (Katima 2000). The violations to mangrove forest governance 
by the company include the fact that mangrove forests are gazetted as forest reserves under the 
Forest Ordinance Cap. 389 of 1957 and the draft Forest Policy of 1997 (NEMC 1997). With 
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respect to these policies, the prawn farming project “generally contravenes Part II, Section 5(1) 
of the Forest Ordinance” (Misc. Civ. Cause No. 56 of 1998). The NEMC (2007) report also 
stated that the project largely conflicted with the objectives of the Mangrove Management Plan 
of 1991. The location of the proposed prawn hatchery on Bwejuu Island is part of the Mafia 
Island Marine Park. Thus, the proposed project violated legal requirements for acquisition of 
land and restrictions against development in sensitive habitats under the Marine Parks and 
Reserves Act No. 29, 1994 (FAO 2009). 
The NEMC review team visited all proposed sites of the prawn farm (NEMC 1997). Of 
the villages in the Kikale Division and the Salale Ward, they found only one village government 
in favor of the project. In this village, villagers “openly admitted to receiving favors from AFC” 
(NEMC 1997: 83). The review team stated that within this village, “mixtures of fear, promises, 
bribes and employment have driven them to an extreme position which they now cannot possibly 
reverse without losing face” (NEMC 1997: 83). The review team also found animosity between 
this village and the other villages as villagers were threatening to send back their wives if they 
come from the village approving the project (NEMC 1997: 83). As one villager stated to the 
NEMC review team, “the company has discredited itself by bribing people, by going about it 
secretly from above” (NEMC 1997: 84). According to the NEMC review team, villagers’ shared 
a general “fear of pollution of fresh water streams that would impact their livelihoods” (NEMC 
1997:84). Another major concern by villagers was a fear of being “displaced” or “resettled” and 
ordered to “leave a place where the local knowledge of the environment and its optimal uses is 
an invaluable asset, but nowhere else” (NEMC 1997: 84). There were discussions amongst 
villagers regarding the implications of an influx of workers from other areas citing alcohol use as 
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a contributing factor. The NEMC team also revealed that villagers “pleadings and the minutes of 
their meetings sent to the district were ignored” (NEMC 1997: 82). 
Based on these findings, the head of NEMC, Esther Kerario, advised the Tanzanian 
government to reject the project on the grounds that it would have considerable negative 
ecological impacts on forestry, fisheries and marine environments, land use, water resources, as 
well as agriculture and wildlife. NEMC (1997) concluded that the company’s EIA report was 
“outright false” (84). The review recommended that better legal frameworks were necessary 
before such a project could be considered, and that the delta should be subject to a land use 
master plan to help resolve conflicts.  
Despite the recommendations made by NEMC, the government was steadfast in its 
approval for the project (FAO 2009). NEMC was over-ruled by the Vice-President Omar Juma, 
who accepted the project along with the Director of the Ministry of Natural Resources and 
Tourism (MNRT), Mrs. Zakia Meghji. At the time, Mrs. Meghji stated that the project “had been 
approved in November [1997] by the cabinet and will be implemented as planned” (Temba 
1998). Moreover, the government planned to give the company a tax exemption and forex 
retention holiday of five years (Katima 2000). Meghji also stated that “commissions had been 
formed to monitor development of the project to make sure there was no environmental 
destruction” (Temba 1998).  
The controversy over the proposed prawn farm and the government’s approval sparked a 
heated debate. In April 1998, the Democrat News published three separate installments that 
summarized NEMC’s evaluation of the project proposal (Ngaiza 1998b). Another news article 
stated that NEMC officials charged the government for “pressuring them to devise ‘mitigation 
measures’ so the project could go on” (Mpinga 1997). A public debate was held on July 23, 1997 
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in Dar es Salaam. Although there were some divisions between villages in the Rufiji Delta for 
and against the prawn farming project, Msabaha (1997) stated that the consensus at the debate 
“was a big “NO” to the prospective developers”.   
The media scrutiny of the project and public debates increased concerns over the social, 
environmental, and political impacts of the proposed prawn farm (Figure 5). These concerns 
included land tenure rights, mangrove deforestation, fisheries disruption and population 
displacement issues. They led to widespread opposition against the prawn farm. As one news 
headline read, “the battle lines are drawn between those in favor and those against the African 
Fishing Company’s proposed 10,000 hectare prawn farm project in the Rufiji Delta”. On the side 
of the project were its sponsors, AFC, a number of senior Tanzanian bureaucrats and politicians, 
including the Regional Commissioner for Coast Region, the Vice President, and the Director of 
MNRT, as well as some Members of Parliament. Against the project were other equally senior 
bureaucrats and politicians, Rufiji Delta communities, almost the entire national and 
international environmental lobby, and assortment of national and international lawyers, 
journalists, academics, and activists. While a diverse coalition opposed the project, resource 
users of the Rufiji Delta whose livelihoods were threatened by the mega prawn farm were the 
primary opponents to the proposed project.  
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Figure 5. Cartoon of the Rufiji Delta prawn controversy from national newspaper (Ngaiza  
                 1998b). 
 
  
 
3.5.1 Local Opposition to the Prawn Farm  
 The Warufiji received strong supported by two national environmental NGOs, JET and 
LEAT. Villagers stated they were angry because AFC officials told people in one village that “no 
mangroves would be cut and no one would be resettled” (NEMC 1997: 84). The following day at 
another village, the same official announced that “the mangroves would be reduced by eleven 
percent and that 7,060 villagers would be moved” (NEMC 1997: 84).  Distrust among the 
Warufiji intensified as the proposed prawn farm area increased first from 6,000 hectares, then 
9,000 hectares, and then 25,000 hectares (Mdimi 1997). One villager stated, “we don’t like the 
project….Fishing will be history, there will be no land for cultivating rice, and the mangroves 
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will go” (Rwenyemamu 1997). Another villager stated, “they are taking our land and no 
compensation under the claim that there are no permanent crops which merit 
compensation….how can we have permanent crops in the floodway where we normally grow our 
paddy?” (Anonymous 1998).  
Resentment grew between villagers who supported the project and those who were 
against it. Some accused the AFC of paying villagers to get them to accept the project. A 
supporter of the project in the Rufiji Delta stated, “there will be reliable water and land transport 
from the project. The investor will also build a hospital. It will bring development to our area” 
(Masaninga 1997). Another villager stated, “what is environment when I am poor? Hospitals 
have no medicines, schools are in shambles, and you are telling me about conserving the 
environment? Let AFC come and help us” (Rwenyemamu 1997). Another villager responded to 
these statements, “what do you expect him to say? Obviously he has to defend his daily bread as 
he is singing to the tune of *he who pays the piper has to call the tune and the piper is now 
calling the tune” (Rwenyemamu 1997). The Rufiji Delta residents also described the “handful of 
supporters for the project as “traitors” and “corruptible”” (Ngaiza 1997). 
Although the company had not gained right or lawful title to clear the lands belonging to 
the Rufiji Delta communities (Misc. Civ. Cause No. 56 of 1998), survey work began for the 
project in March of 1998. In response, Rufiji Delta villagers sent a letter of protest to the Prime 
Minister with copies to the Vice President (Ngaiza 1998a). In the letter they blamed the 
government for not consulting with them before the project was accepted, “if the project has 
been endorsed for implementation, what will be our fate?” and asked, “whose office has a 
mandate on environmental issues?” (Ngaiza 1998a). Shortly thereafter, on April 1, 1998, more 
than 2,000 residents from sixteen villages in the Rufiji Delta filed a chamber application with the 
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Tanzanian High Court seeking permission to sue the government for endorsing the large-scale 
prawn farming project. With the assistance of LEAT (most notably Rugumeleza A.K. Nshala), 
the residents asked the court for permission to sue the Ministry of Natural Resources and 
Tourism and the African Fishing Company for their decision to pursue the project under civil 
application (miscellaneous) Number sixty-one of 1998. All 2,183 villagers’ names were listed on 
the petition rather than it simply being a representative class (Msabaha 1997; Misc. Civ. Cause 
No. 56 of 1998).  
The main arguments made against the project were that it would deny the Warufiji’s 
ability to access important mangrove and marine resources for their livelihoods. The petition 
stated that “the Rufiji Delta people will suffer irreparable damage to their lives, livelihoods, 
heritage and resources and be subject to abject poverty as a result of the project” (Misc. Civ. 
Cause No. 56 of 1998). The plaintiffs further argued that the decisions to undertake the project 
did not take into account the environmental hazards the project would cause to the area and, 
more importantly, that “approval of the project was not communicated to the Rufiji Delta 
community” (Misc. Civ. Cause No. 56 of 1998). The lawsuit contained documentation of 
opposition to the projected by elected Village councils of various villages in the Rufiji Delta and 
the elected District Council of the Rufiji District. For example, the lawsuit contained a letter on 
10 October 1996, from the Chairman of the Rufiji District Council to the 2nd respondent (the 
Minister of Natural Resources and Tourism) which confirmed the decision of the District 
Council that no ponds for prawn farming would be allowed in the Rufiji Delta.   
In terms of policy, the lawsuit cited that approval for the project was in breach of the 
Forest Ordinance cap 381 of 1957, Marine Parks and Reserves Act, No. 29 of 1994, and Coastal 
Zone protection under the Town and Country Planning (Public Beaches Planning Area) Order 
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1992, GN 76 of 1992 (Misc. Civ. Cause No. 56 of 1998). The decision also ran counter to the 
announced public policy in the National Land Policy adopted by the Government in 1996. This 
policy prohibits the allocation of such huge pieces of land to foreigners and foreign companies 
and development in areas that are considered “ecologically and environmentally sensitive” 
(Misc. Civ. Cause No. 56 of 1998). The lawsuit cited that the project was opposed by the 
Ministry of Energy and Minerals and the Tanzania Petroleum Development Corporation for 
interfering with the oil exploration concessions granted to foreign oil prospecting companies in 
the Rufiji Delta. The lawsuit also made reference to violations of the Tanzanian Constitution 
regarding property and resource rights (Article 14 of the Constitution of the United Republic of 
Tanzania, 1977); the right to live in a clean and healthy environment (Article 14 of the 
Constitution of the United Republic of Tanzania, 1977); just or adequate compensation for 
denying rights to property and resources (Article 24 of the Constitution of the United Republic of 
Tanzania, 1977); and consultation or participation of the petitioners and/or freely elected 
representatives (Article 21 of the Constitution of the United Republic of Tanzania, 1977). The 
lawsuit made reference to the Minister of MNRT’s statement that “the decision of approval will 
go ahead despite public outcry in both print and electronic media” in reference to Article 21 of 
the Tanzanian Constitution.  
 
3.5.2 National and International Opposition to the Prawn Farm 
The most significant opposition came from the Warufiji who were supported by local 
environmental NGOs. LEAT held an important role of coordinating and overseeing the 
Warufiji’s court case against the project. JET disseminated knowledge regarding the project to 
Warufiji villagers as well as the Tanzanian and international public. This included bringing 
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televisions to the villages to play videos of the environmental impacts incurred by industrial 
prawn farming in South Asia. JET also secured funding for the villagers to travel to Dar es 
Salaam and participate in public debates regarding the project.    
The project was also criticized and condemned by national and international scholars, 
journalists, lawyers, and international environmental NGOs who aligned themselves with the 
Warufiji. Many sent letters with various arguments against the prawn project to the Director of 
MNRT, Tanzanian President Mkapa, the Prime Minister, Vice President, and the Directorate of 
the Environment in Tanzania. A critical question regarding the destruction of mangrove forests 
in order to create prawn production ponds  as well as the negative social and ecological impacts. 
The first letter protesting the prawn farming project sent by Ian Bryceson, a Tanzanian citizen 
and Professor of Marine Ecology at the Agriculture University of Norway, argued that it would 
generate substantial pollution including eutrophication, toxicity, and acidification of the 
surrounding water resources in the Rufiji Delta (Bryceson 1997). Ian Bryceson and Adelaide 
Semesi (a Professor of Botany at the University of Dar es Salaam who specialized her research 
on Tanzanian mangrove forests) stated that the project was corrupt and alluded to corruption 
within the Tanzanian state, “corruption needs both “corruptors” and “corrupted” to dance 
together like devils” (JET 1999).  
Arguments against the project made reference to the severe ecological and social impacts 
of industrial prawn farming in South Asia (FAO 2009).  Many argued that prawn farms fail after 
ten years and the prawn farming project would threaten the lives of thousands of local farmers 
and fishermen living in the delta. It would also cause irreparable damage to the ecology of the 
area. Critics argued that these negative impacts would be repeated in Tanzania despite significant 
political support for the prawn project proposal (FAO 2009).  
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International environmental NGOs were particularly concerned over the poor outcomes 
of prawn aquaculture in mangrove areas elsewhere. The Swedish Society for Nature 
Conservation appealed to the President in a letter in July 1, 1998, urging Tanzania not to make 
the same mistakes as “elsewhere in the world mainly in south and southeast Asia” (JET 1998).  
In February 1998, there was a conference in Mombasa, Kenya over the controversy surrounding 
the Rufiji Delta prawn farm project. East African NGO delegates drew parallels to the Tana 
Delta in Kenya where an industrial prawn farming project was proposed, but overturned by the 
Kenyan President as a result of protests by Kenyan villagers living in the Tana Delta. The 
Mombasa Declaration adopted at this conference established strict regulations against industrial 
aquaculture in Kenya. An Indian NGO named PREPARE that had fought vigorously against the 
prawn farming industry in India which led to a Supreme Court ban in India on all industrial 
prawn farming, also joined the resistance campaign against the Rufiji project.  
Conservationists opposed the project because it was situated in an area known globally 
for its environmental value. International environmental NGOs that argued against the project 
included the World Rainforest Movement, IUCN World Conservation Union, the Swedish 
Society for Nature Conservation, and Mangrove Action Project. Threats to the mangrove 
environment and endangered species were identified and used as the platform. The Mangrove 
Action Project argued for the need for coastal zone management planning in order to ensure that 
aquaculture and other coastal development included the meaningful participation of all coastal 
resource user groups. The IUCN World Conservation Union argued that if the project was 
implemented, one third of the whole Rufiji Delta would end up in the hands of the company for a 
period of no less than ten years, thus threatening the livelihoods of thousands of local rice 
farmers and fishers living in the delta. International environmental NGOs argued that Rufiji 
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Delta residents sustainably used their natural resources. The underlying theme of international 
conservation organizations at this time was that the Warufiji were sustainable resource users that 
practiced sustainable resource management. The discourse by international conservation NGOs 
was that the Warufiji’s rights over access, control, and management of mangrove resources 
should be secured and protected from outside interventions such as industrial prawn farming 
projects. Furthermore, severe environmental impacts associated with such projects would put the 
future of the region at risk.  
 
3.6 SUCCESSFUL OPPOSITION AND RESISTANCE TO THE PRAWN FARM  
By October 1998, headlines read, “Rufiji Delta Shrimp Farming a National Fallacy” and 
stated “we all look stupid to have been carried away by the company’s EIA that supported the 
project, ignoring the one prepared by NEMC that rejected it”. The Warufiji’s lawsuit in the 
Tanzanian High Court eventually resulted in an injunction to stop the implementation of the 
project (FAO 2009 citing SAIEA 2003). The case is now cited internationally as highlighting the 
important role of public participation and public information in regulating potentially 
environmentally destructive investment proposals (FAO 2009 citing Hambrey et al. 1999). One 
news headline at the time questioned the “secret” behind the resistance of the people in the Rufiji 
Delta to refuse execution of the prawn farming project, “how can people living almost below the 
poverty line refuse to listen to promises of wealth from the African fishing company and its 
acceptance by powerful institutions and actors such as the Vice President, Dr. Omar Ali Juma?” 
(Ngaiza 1998b). The environmental history of the Rufiji Delta and the Warufiji’s history of 
fiercely resisting claims by outsiders to their land and resources illustrates the “secret” behind 
this successful opposition to the proposal for the world’s largest industrial prawn farm.  
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3.7 CONTINUED STRUGGLES OVER THE RUFIJI DELTA MANGROVE RESOURCES:  
      INCREASED POWER BY INTERNATIONAL ENVIRONMENTAL NGOS 
 
The successful opposition to the proposed prawn farm in the Rufiji Delta is popularly 
viewed as a major victory of a Tanzanian-based social movement in favor of sustainable 
development. Many believe it created an important precedent against other such proposed 
projects (Bryceson 2002).  Many international NGOs argue that the success in halting the 
implementation this project would ensure the survival of Tanzanian mangroves as well as the 
preservation of social, economic and environmental services for people living in and around the 
Rufiji Delta. According to Vincent Shauri, a LEAT attorney, the final High Court victory sent a 
message to other small, resource-dependent communities that “the grassroots of Tanzania 
possesses the power and the voice to challenge government and private interests”. The result of 
the controversy showed that the Warufiji gained a voice in the management of their own 
environment, a greater awareness of environmental issues, EIA, and the potential for public 
participation in environmental decisions throughout Tanzania (FAO 2009 citing Nshala 2001).  
My research suggests otherwise. The resistance movement against the prawn farm 
increased international attention to the Rufiji Delta mangrove forests for their conservation 
importance by international environmental NGOs. As a result, the World Conservation Union 
(IUCN) designated the Rufiji Delta mangrove forests as part of the Rufiji-Mafia-Kilwa Ramsar 
wetland site in 2004. At the same time, the World Wildlife Fund initiated the Rufiji-Mafia-Kilwa 
Seascape Program (RUMAKI). I argue that the ramifications from the resistance against the 
industrial prawn farm continue to unfold in the politics of taming the fishing and farming 
communities most opposed to these developments. The “victory” over the prawn farming project 
has led to an increase in the power of international conservation organizations and a 
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disempowering of local communities whose access, control, and management of important 
natural resources in the Rufiji Delta have been significantly diminished.  
During the time of the resistance campaigns against the proposed industrial prawn farm 
in the Rufiji Delta, many conservationists and international environmental NGOs argued that the 
existing participatory resource management strategies in the Rufiji Delta were a success because 
they included local resource use, control, and management in their design (Ngaiza 1998b). At 
that time, rhetoric by conservationists emphasized moving away from “forests for the nation” 
towards “trees for the people” (Ngaiza 1998b).  The secretary general to the 1992 World 
Congress on National Parks and Protected Areas stated, “the idea that nature and people are 
somehow separate is a historical artifact and must change” (Ngaiza 1998b). Furthermore, 
environmentalists argued that the proposed prawn farming project was a reversion from 
conservation-with-development goals. More recently, however, the discourse has changed and 
the Warufiji are now viewed by the Tanzanian state and international NGOs as “invaders” and 
“destroyers” of the mangrove forests who are no longer able to manage their own resources 
sustainably.  
WWF has recently shifted its conservation initiative in the Rufiji Delta towards a climate 
adaptation project called “Coastal Resilience to Climate Change” (Cook 2009). With funding 
from the Global Environmental Facility and the United Nations Environment Program, this 
WWF mangrove conservation program is premised on the urgent need to improve the 
management and protection of mangroves, which are described as “the most critically threatened 
ecosystem in the world” (Cook 2009). Project documents declare that the main “threat” to the 
mangroves is rice farming by local people, “agricultural expansion continues to be the biggest 
threat” (WWF 2010; Cook 2009). To prepare for climate change, WWF is working directly with 
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FBD officials both at the national and district levels to “replant and restore mangrove habitats 
degraded by illegal rice farming” in the Rufiji Delta North (Cook 2009).   
This is one of six WWF Reduced Emissions from Deforestation and Degradation “REDD 
readiness” projects in Tanzania (Tanzania REDD Initiative, 2010). For this project, WWF is 
working directly with the FBD (Cook 2009). REDD+ strategies for Tanzania list the 
“enhancement of state reserve lands” as a way to reverse the “drivers” (e.g. cultivation) of 
deforestation and degradation (Tanzania REDD Initiative 2010). This is exemplified by the 
FBD’s proposal to begin a process of relocating rice farmers out of the delta. The Director of the 
FBD made a statement in September 2009 that villagers residing in Tabora and Rukwa regions 
of coastal Tanzania will be evicted for invasions of forest reserves (Rugonzibwa 2009). The 
Deputy Minister of MNRT also stated that “eviction exercises will later spread to the rest of the 
forest reserves countrywide and all settlers in forest reserves would be moved as stipulated by 
the law” (Rugonzibwa 2009). The Director of the FBD also stated that villages within forest 
reserves are registered “illegally and that directives have already been issued for the 
Commissioner of Lands and respective district councils to de-register the villages according to 
the Forest Act Cap 323 as revised in 2002” (Rugonzibwa 2009). Furthermore, the Director of the 
FBD in November 2009 proclaimed, “I am here to make sure that forests are protected and 
therefore I will not wait to see these forests turning into deserts and we will do all we can, 
including the use of force, because for such a serious matter as this one, we do not need 
negotiations” (Saiboko 2009).  
 Current plans are to have rice farmers plant trees in areas previously used for rice 
cultivation until they are relocated out of the delta. This will result in evictions of approximately 
18,000 Rufiji Delta North village residents. These conservation interventions are preventing 
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local people from accessing resources important for their livelihood security. Members of these 
communities stated, “we feel like we are being punished because we joined the resistance 
movement against the prawn farming project”. People are also perplexed and angry over the 
government’s decision to allow two foreign oil companies to begin prospecting operations in the 
so-called protected area from which they were being forcibly removed. Many respondents told 
me that their main concern with the prawn farm proposal was not the environmental impact it 
would have, but rather how it would have affected their access to resources for fishing and rice 
cultivation.  
Local communities living in the Rufiji Delta indicated that the “success story” of local 
resistance against an environmental destructive project is not what it appears to be. In theory, the 
forests are governed under JMAs and seek to promote “community participation”. In practice, 
the FBD continues to prosecute forest users (Bryceson et al. 2005). Rufiji villagers argue that 
threats of displacement in the context of this new conservation rhetoric has created conflicts and 
deprived them of their livelihoods (e.g. Bryceson et al. 2005; Akida and Blomely 2006). 
Villagers also stated that the FBD is still in charge of giving out licenses for logging mangrove 
poles. Villagers complain that their role as co-managers of forests is not taken seriously:  
“we still have no say in how our forests are managed. The foresters still come 
here, fine us and put us in jail if we are caught cutting mangroves for our rice 
fields. (JMA) agreements didn’t change things for us because we are still 
restricted from using the forests”. 
 
In response to these new threats to their livelihoods, the Warufiji are resisting these new 
conservation interventions. Some villagers describe the mangrove planting scheme as a long 
standing “tug of war” between themselves and the FBD and more recently, WWF. Many Rufiji 
Delta rice farmers stated they resist the mangrove reforestation project, particularly in their rice 
farms, by planting mangrove seedlings upside down or not planting them at all.  Some villagers 
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stated that they refused planting because they were not given the choice, they were forced. The 
consensus in one village, Mshinzi, is a formal “rejection” against the mangrove planting project. 
In another village, Mchele, the village leadership agreed to the project, and some villagers 
participate while others are against the project.  
Villagers stated they would consider participating in mangrove planting project as long as 
they are able to continue rice cultivation. One villager stated, “how can they (WWF adaptation 
coordinators and forestry representatives) tell us to stop planting rice? We are hungry because 
they have taken away our daily bread”.  The Warufiji’s resistance against mangrove reforestation 
efforts as illustrated in a quote by a Warufiji rice farmer in a 2002 WWF publication, “we are 
really surprised by this government, we do not know what they are thinking about us. We are 
required to plant mangroves in our paddy farms; will they send us food in the future?” (Wood et 
al. 2002: 320). Village elders are currently trying to find documentation of their formal 
objections made in the 1957 designation of the mangrove forests as Forest Reserves. Although 
village elders state that they “were not listened to at that time and there was no outcome”, such 
documentation is needed to mount a legal case in Tanzanian courts against the planned evictions.  
Not only are the Warufiji compelled to resist current conservation interventions in the 
delta, the Warfuiji’s environmental history challenges the conservation rhetoric of their so-called 
“maladaptive practices”. Current land use in the Rufiji Delta North is not nearly as extensive as it 
was during the 18th and 19th centuries and even earlier. Furthermore, the long-standing practice 
by the Warufiji of shifting rice cultivation and natural regeneration may have positive 
implications for biodiversity by creating minor perturbations and small changes and openings 
within environments as well as new niches for a wider variety of plant and animal species. Thus, 
the question that arises is what will happen to this complex and relatively stable socio-ecological 
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system when carbon foresters and conservationists supplant the Warufiji in the Rufiji Delta 
North?   
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CHAPTER FOUR 
RESCALING THE POLITICS OF REGULATION:  
PRODUCING ENVIRONMENTAL SUSTAINABILITY 
 
4.1 INTRODUCTION 
The proposal for the large-scale industrial prawn farm in the Rufiji Delta created one of 
the largest conservation and development controversies in contemporary Tanzania. The 
controversy is often cited as an important example of recent developments and corresponding 
environmental risks facing the African continent and as a justification for modern environmental 
laws (FAO 2009). According to the FAO (2009), it created the momentum for the introduction of 
a new set of comprehensive legislation designed to improve environmental management. In 
contrast, I argue that resistance to unsustainable aquaculture development in the Rufiji Delta by a 
grassroots environmental social movement was overcome by a politics of environmental 
regulation that sanctioned aquacultural development for subsequent accommodation of 
transnational prawn companies by the Tanzanian government. 
Most political ecologists fail to recognize or pay attention to the ways in which scale is 
produced, articulated, and used to interpret the outcomes of ecological change and how 
socialized landscapes produce both spatial and temporal differences (Rangan and Kull 2008). 
This chapter illustrates how ecological (and related social and economic) change becomes 
political in the sense that resistance to unsustainable development was overcome by a politics of 
regulation (Rangan and Kull 2008). This idea stems from the basic recognition that scale is 
produced to explain, or to argue for or against, the process and outcomes of ecological change 
that play out in different realms of politics and policy discourse (Rangan and Kull 2008; 
 
 
72 
Swyngedouw 2004; McCarthy 2005; Paulson et al. 2005; Zimmerer and Bassett 2003). It 
examines how processes of ecological and attendant social change become the subject of 
political contentions and how these contestations, in turn, produce policies that transform 
landscapes and rework social relations (Rangan and Kull 2008).   
New environmental regulations for industrial prawn farming in Tanzania are the basis for 
what I argue is the rescaling of the mega prawn development project that was rejected in the 
Rufiji Delta to smaller-scale “sustainable” prawn farm development on Mafia Island established 
in 2003 (Brenner 2001; Sayre 2005). Rescaling in this case is characterized by the changes in the 
geographical location and size of prawn farms.  
Rescaling also illustrates how state scale is socially produced. As Swngedauw (1997) and 
Smith (1993) note, it is important to understand the process by which rescaling can occur. 
Rescaling illuminates how the response by the Tanzanian state to the resistance to the failed 
proposed prawn project in the Rufiji Delta resulted in new environmental regulations for small-
scale “sustainable” prawn aquaculture development on Mafia Island, Tanzania.  These new 
regulations make Tanzania appear to be the most suitable location for “sustainable” prawn 
aquaculture. The small-scale prawn project on Mafia Island is governed by “sustainable” state 
regulations as opposed to large-scale “unregulated” and “unsustainable” prawn farming 
regulations in Rufiji Delta.  This rescaling enabled the Tanzanian state to secure the desired 
outcome of prawn capital accumulation. I analyze the most important regulations that emerged as 
a result of the rescaling of industrial prawn farming from the Rufiji Delta to Mafia Island. I show 
how state institutions responded to the opportunities and challenges of reintroducing industrial 
prawn farming after it experienced one of the largest protests against the industry. 
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4.2 METHODOLOGY 
To tell this rescaling story, I acquired documentation of the legislative history pertaining 
to aquaculture development, mangrove and fishery resource governance, and land tenure in 
Tanzania. I also reviewed court records of litigation pertaining to aquaculture (including drafts 
and hearings from the proposed project in Rufiji Delta) and descriptive data regarding the 
process in which the new regulatory standards were created. I was also able to collect 
information on the international certification requirements for industrial farmed prawn which 
have been part of the rescaling process. 
 
4.3 THE ECOLOGICAL BECOMES POLITICAL: RESCALING PRAWN FARMING TO  
      MAFIA ISLAND 
 
The proposed large-scale prawn farming project in the Rufiji Delta highlighted a lack of 
intersectoral coordination and legislative governance, namely cross-sectoral policy development 
for aquaculture development in Tanzania. Many argued that, if not corrected, these policy 
“failures” would hinder the future growth of the aquaculture industry and lead to more conflicts 
over new proposed aquaculture projects (Pwani Yetu 2002). At the time of the Rufiji Delta 
prawn project controversy, NEMC advised the government to defer “all major developments 
until a comprehensive land use plan is completed for the region” (NEMC 1997, emphasis added). 
NEMC further argued that such a plan should “support environmentally sustainable development 
(NEMC 1997). In response, the Tanzanian government declared a moratorium on all commercial 
aquaculture until the government established “proper guidelines for the development of 
commercial aquaculture in the country” (NEMC 1997). 
A continued political willingness to promote large-scale industrial aquaculture 
development in Tanzania is not surprising given the high financial stakes involved (FAO 2009). 
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The Permanent Secretary to the Vice President’s Office, Mr. Abubakar Rajabu, stated, 
“mariculture holds great promise in Tanzania” and “if properly developed and managed, it can 
contribute handsomely in economic development and poverty alleviation” (Pwani Yetu 2002). 
He further argued that this could only occur “if Tanzania establishes good policies and strategies 
to promote these areas and make the development wheel rolling” (Pwani Yetu 2002). An acting 
Member of Parliament, Hon. Danhi Makanga, echoed Rajaba’s argument linking aquaculture 
development and poverty alleviation in Tanzania when he stated that,  “economic opportunities 
abound in coastal areas and should be developed to supplement the nation’s efforts in fighting 
poverty” (Pwani Yetu 2002). The Tanzanian Investment Centre (TIC) offered incentives to 
prospective aquaculture investors in the form of low interest loans and a three-year tax-free 
period for aquaculture development (FAO 2006-2011). 
In response to the Rufiji Delta controversy, the Tanzanian government established a 
series of environmental regulations and a legal framework to guide the future development of a 
“sustainable mariculture industry” (TCMP 1999; FAO 2006-2011; FAO 2009). According to the 
FAO (2009), “Tanzania completed a comprehensive update of the overall legal setting guiding 
aquaculture development that effectively puts environmental concerns at the centre of any future 
development”.  However, these regulations do not include social concerns of rights over access, 
control, and management of coastal resources. Rather, these new regulations focused on 
improving policy and planning coordination between different government agencies at national, 
regional, and local levels. The centerpieces of this new regulatory framework was the Tanzanian 
Environmental Management Act of 2004, which requires Environmental Impact Assessments 
(EIA) for all new development projects in the country to be enforced by the National 
Environmental Management Council (NEMC).  The Tanzanian government through the 
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Tanzanian Coastal Management Council (TCMP) developed the “Sustainable Mariculture 
Guidelines” to serve as a tool to guide all aquaculture projects and subsequent EIAs. In addition, 
the government amended the Fisheries Act No. 6 of 1970 to include aquaculture (FAO 2006-
2011). Shortly after the government passed these laws and regulations, the Tanzanian Investment 
Centre (TIC) granted permission for a small-scale “sustainable” semi-intensive industrial prawn 
farm on Mafia Island, Tanzania.   
 
4.4 FROM UNSUSTAINABLE TO SUSUSTAINABLE INDUSTRIAL AQUACULTURE IN  
      TANZANIA 
 
When the prospect of a large-scale industrial prawn farming project appeared on the 
Tanzanian national scene in the Rufiji Delta in 1996, institutional capacity to guide and manage 
large-scale aquaculture operations was limited. EIAs, permitting procedures for water use, land 
acquisition procedures, environmental standards, and monitoring were not fully adapted to 
aquaculture development. Additionally, responsibility for these areas was fragmented among 
various institutions and levels of government. The project’s detractors argued that 
intergovernmental coordination was not sufficient to completely and efficiently guide 
aquaculture projects.  
State actors such as those sitting in the Tanzanian Vice President’s office highlighted 
how large-scale aquaculture projects fall under a number of jurisdictions and institutions and 
presented potential environmental, social, and economic issues that needed careful consideration 
before granting permission. The influence of the Rufiji experience in shaping these new 
regulations is well-recognized. In a news article published in March 1999, the writer noted that 
the “significance of mariculture governance issues began in the developments stemming from the 
large-scale Rufiji Delta prawn farming project” (Luhikula 1999). The Tanzanian government, 
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through the Tanzania Coastal Management Partnership (TCMP), developed a strategy for 
aquaculture management in order to provide guidelines, procedures, and regulations on the 
overall industry development with a focus on environmental and governance issues. These 
resulted in the creation of the Tanzania Mariculture Guidelines Sourcebook and Investor’s Guide 
(TCMP 2001). 
In policy and political circles, the mariculture guidelines were thought to “pave the way 
for wise and sustainable investment in the mariculture sector in Tanzania” (Pwani Yetu 2002).  
By providing recommendations and strategies, the guidelines support the ability to plan and 
develop mariculture “harmoniously with other activities, local needs, and the protection of the 
sensitive environment” (Pwani Yetu 2002). The guidelines were fully endorsed by all 
governmental sectors relevant to mariculture/aquaculture development in Tanzania. Various 
ministries argued that the guidelines demonstrated Tanzania’s commitment to the aquaculture 
industry as well as an “understanding of, intent to use, and support for the criteria and process”.  
According to the Ministry of Natural Resources and Tourism’s Permanent Secretary, Mr. 
Philemon Luhanjo, the mariculture guidelines serve as important tools for effective planning of 
sustainable mariculture development in the country. He declared that “the investor's guide will 
not only help us in avoiding environmental disasters, but also from potential unintentional but 
costly conflicts with other economic activities such as fisheries, lands, agriculture and forestry” 
(Pwani Yetu 2002). He emphasized that the new regulations would promote and enhance 
mariculture “without marginalizing the biological value of the delicate coastal environment” 
(Pwani Yetu 2002).  
The mariculture guidelines’ main goal was to provide a structure for project permitting 
and review and to facilitate coordination and feedback mechanisms among various governmental 
 
 
77 
sectors for both large and small scale mariculture development (Pwani Yetu 2002).  In sum, the 
guidelines could potentially prevent negative impacts associated with aquaculture development 
through regulations and restrictions, while at the same time encourage more rapid growth of 
“sustainable forms of mariculture”. The guidelines specifically outline the planning and 
permitting processes between relevant government sectors for large-scale “sustainable” 
aquaculture projects in Tanzania (Figure 6).   
 
Figure 6. Major permit process modification of existing mariculture project approval process for  
                 large-scale projects or those with potential impacts (Source: TCMP 2001: 79).  
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In conjunction with the mariculture guidelines, Tanzania adopted a number of 
aquaculture development policies. The Tanzanian legislation passed the National Environmental 
Management Act of 2004. The Act is considered to be a very comprehensive law providing for 
the detailed management of all aspects of the interaction of human activity with the environment, 
such as the “the precautionary principle” and the “polluter pays principle” (FAO 2009).  As the 
mariculture guidelines state, “due to problems of abandoned industrial aquaculture projects in 
other nations, the environmental soundness of an EIA report can confirm the probability of 
success of aquaculture developments”. Thus, EIAs are required under the new policy for all 
proposed development initiatives. The mariculture guidelines outline the specific issues that must 
be addressed in EIAs for industrial aquaculture (FAO 2009). The FAO (2009) argues that these 
combined regulatory mechanisms for guiding industrial prawn aquaculture in Tanzania provide 
comprehensive and powerful legal tools for incorporating environmental concerns into national 
development. 
According to the mariculture guidelines, required EIAs can improve decision-making and 
ensure that the development is “ecologically, socially, and economically sustainable” (TCMP 
2001). Under the guidelines, the aquaculture company solicits and pays for an environmental 
expert or EIA consultant. These individuals must be “adequately trained professional 
consultants” and “accredited” by NEMC to prepare an EIA report (FAO 2009). A preliminary or 
scoping EIA is required and, if accepted, a full EIA is required along with a long-term 
monitoring plan. As part of the EIA requirement, any industrial prawn farm company must also 
commit to a long-term environmental monitoring and management plan along with a formal 
commitment to mitigation measures. If an EIA is accepted and a project goes forward, the 
company must submit a mandatory monitoring report that is reviewed by NEMC. 
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For long-term mitigation, the company must “restrict expansion to avoid taxing the 
carrying capacity of the ecosystem” (TCMP 2001).  Long-term mitigation is used as a 
mechanism for securing environmental baseline information provided in the EIA scoping report 
in order to indicate any negative environmental impacts caused by the establishment of an 
aquaculture project and potentially caused by taxing the carrying capacity of the environment. 
Thus, the EIA report must estimate the surrounding environment’s capacity to absorb farm 
impacts or “to absorb a certain quantity and quality of pollutant without any negative effect on 
the environment itself, but also without negatively affecting production” (TCMP 2001).  
Furthermore, all methodologies used in the analysis of impacts must be “correct and 
implemented thoroughly” (TCMP 2001). The EIA report must be balanced and unbiased without 
gaps or conflicting statements, and the main findings must also be clear and justified.  
For industrial prawn aquaculture, the company must use the same methods proposed in 
the large-scale industrial prawn farm in the Rufiji Delta, semi-intensive production methods. The 
guidelines state these methods “produce the least environmentally negative effects while 
producing a more reliable crop than extensive and intensive techniques” (TCMP 2001).  Other 
requirements include the protection of arable land and freshwater sources from salinization by 
discarding soil and residues removed from prawn production sites; development strategies for 
wastewater treatment; and the avoidance of contaminating the pond and surrounding areas with 
pathogenic organisms or other contaminants.  
In terms of site selection, the prawn farm must meet regulatory requirements for land 
availability, supply and quality of surrounding water, and forest cover. The regulatory sectors 
that govern these various aspects are the Ministry of Livestock Development and Fisheries 
(formerly the Ministry of Natural Resources and Tourism, Division of Fisheries), the Ministry of 
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Natural Resources and Tourism, Division of Forestry and Beekeeping, and the Ministry of 
Lands. The Fisheries Division is the primary agency that has both administrative control and 
management of aquaculture in Tanzania (FAO 2006-2011). The Fisheries Division was moved 
from the Ministry of Natural Resources and Tourism to the Ministry of Livestock Development 
in order to further promote and oversee aquaculture development in the country. The Fisheries 
Division is now divided into Fisheries (capture) and Aquaculture Departments and was renamed 
the Ministry of Livestock Development and Fisheries. The Aquaculture Department in the 
Fisheries Division specifically provides guidance on formulation and implementation of policies 
and laws relevant to the aquaculture industry.  
After the controversy over the proposed large-scale prawn project in the Rufiji Delta, the 
Fisheries Act No. 6 of 1970 was amended and is now the Act No. 22 of 2003 (FAO 2006-2011). 
The Fisheries Act 2003 aims to ensure “aquaculture development is ecologically sustainable and 
allows rational use of the resources shared between aquaculture and other activities” and 
specifically reinforces the requirement for EIAs (FAO 2009). This policy supports the mandate 
that semi-intensive culture is the only method for large-scale prawn aquaculture. The Act 
appoints the Aquaculture Department as the primary regulator in charge of labeling, keeping 
statistics, surveillance, quality control, and health certificates of farmed prawns (FAO 2006-
2011). Health certificates demonstrate that there are no traces of antibiotics in the farmed prawns 
or any other chemicals that would cause harm to human consumption. This includes collecting 
water samples from prawn ponds to monitor pollution and disease. The Act also ensures that 
prawn production ponds are constructed with an “appropriate distance between the inlet and 
outlet of water to the prawn ponds to reduce the risk of water discharge recycled back into the 
ponds” (e.g. self-pollution). The Aquaculture Department analyzes prawn tissues to ensure they 
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meet market standards. The FAO (2006-2011) states that the overall purpose of this amended 
fisheries policy is to “protect the environment, the producers, and other resource users and ensure 
the safety of aquaculture products” (FAO 2006-2011). The new regulations are mainly 
concerned with monitoring the quality of farmed prawns to meet export standards rather than 
protecting the environment from the effects of industrial prawn production.  
In terms of mangrove forest governance for industrial prawn farming clearing mangroves 
is “highly discouraged”.  The guidelines state that “the company should seek to convert salt flats 
or salt pans for production prawn ponds, rather than constructing new ponds in ecologically 
sensitive mangrove forests” (TCMP 2001). The Ministry of Natural Resources and Tourism, 
Division of Forestry and Beekeeping oversees aquaculture projects to ensure they are built in 
Zone IV mangroves according to the Mangrove Management Plan (Semesi 1991). Zone IV is 
designed to allow some development activities if the EIA shows no negative impact on the 
mangrove forest. The guidelines also restrict prawn production ponds over mangrove tidal creeks 
because they “form the primary habitat for the post-larval stage of several fish species normally 
cultivated in ponds”. Prawn production ponds should not block tidal creeks and other channels, 
which allow tidal flushing of adjacent mangroves. The prawn production ponds should also 
avoid the diversion of freshwater runoff away from the mangrove. If freshwater is diverted, it 
must be redirected to the mangrove by means of shallow channels along seaward margins of the 
ponds. 
For aquaculture development to proceed, the company must also follow the National 
Land Policy of 1995 and the Land Ordinance of 1923. For smallholders, the status of land tenure 
must be changed from Customary Right of Occupancy to Statutory Right of Occupancy (Katima 
2000). The amount of land that can be obtained (i.e. the land ceiling) is fixed by the government 
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on the basis of use, location, feasibility study, and proven ability of the applicant to develop the 
said parcel of land (Section 21 of the National Land Policy of 1998). Village authorities can 
authorize land use rights only for parcels up to 50 acres. In this case, Village Councils allocate 
land after receiving an application from the investor. For larger parcels, the Village Authority 
must be consulted, but higher-level authorities make the final authorization. If the amount of land 
requested is between 51-100 acres, the Village Council is consulted, but the District Authority 
authorizes land allocation. If the amount of land requested is between 101-500 acres, the Village 
Council and District Authority are consulted, but the Regional Authority authorizes land 
allocation.  
In terms of implementation, the company must distribute their EIA reports among all 
“relevant stakeholders” related to the development initiative prior to EIA approval. EIA reports 
must include a list of affected and interested parties so they are easily informed about the 
development project. In the EIA guidelines, it states that “public consultation must be a two-way 
process by which information about the project is disseminated, and in turn, useful information 
and opinions from local stakeholders are received and incorporated”.  The EIA guidelines 
suggest that public consultation provide “an easy avenue for addressing fears and interests of the 
communities”. 
After an EIA is submitted to NEMC, it is reviewed and approved by a technical advisory 
committee that is comprised of various government sectors relevant to the project. TIC oversees 
investment procedures for relevant certification, including EIA approval from NEMC. If 
accepted, an environmental permit is issued to the company. The company is then able to obtain 
official approvals from the various governmental sectors to initiate the project. The EIA long-
term monitoring plan is part of compliance requirements for products to be exported to EU (FAO 
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2006-2011). These combined mechanisms of regulations through governmental sectoral 
coordination facilitate entry into EU markets for industrial farmed prawns from Tanzania.  
 
4.5 QUESTIONING THE SUSTAINABILITY OF THE MAFIA ISLAND PRAWN FARM  
 
By completing a comprehensive update of the overall legal setting, it appears that 
Tanzania effectively puts environmental concerns at the center of aquaculture development 
(FAO 2009). Tanzania comes across as one of the most effective and suitable places for 
industrial prawn farming based on the formulation, monitoring, and enforcement of regulations 
pertaining to the spread of prawn farming into sensitive ecological areas are in place 
(Vandergeest et al. 1999). As the FAO (2006-2011) argues, the “possibilities of the negative 
impact of aquaculture on the environment are addressed through several management measures 
already put in place” in Tanzania. A recent FAO (2009) report summarized environmental law 
and EIA regulations affecting aquaculture in Africa. Tanzania was one of the few countries that 
met all regulatory requirements. Furthermore, the mariculture guidelines provide the specific 
mechanisms that “strengthen the ability of responsible institutions to monitor and manage viable 
and profitable businesses that present minimal or no impacts” (Pwani Yetu 2002).   
The Permanent Secretary of the Vice Presidents Office, Abubakar Rajabu, stated in 2002 
that “Tanzania is now ready for a sustainable mariculture industry” (Pwani Yetu 2002). These 
regulations provided a mechanism for the Tanzanian state to promote and endorse a 
“sustainable” small scale prawn farm on Mafia Island. The next chapter will draw upon an 
empirical case study of the newly established industrial prawn farm on Mafia Island. The FAO 
(2009) suggests that the Rufiji Delta prawn project controversy highlighted the usefulness of the 
EIA process to both the public and the authorities and “set a precedent for aquaculture projects in 
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the countries concerned” (74). In contrast, I will draw upon empirical research findings to 
illustrate how the social and ecological impacts of the small-scale industrial prawn farm on 
Mafia Island is in fact a rescaling of the potential impacts highlighted in the grassroots 
environmental and social movement against the large-scale industrial prawn farm in the Rufiji 
Delta.  
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CHAPTER FIVE 
UNPACKING “SUSTAINABLE” SHRIMP 
 
5.1 INTRODUCTION 
“A commodity appears at first sight an extremely obvious, trivial thing. But its 
analysis brings out that it is a very strange thing, abounding in metaphysical 
subtleties and theological niceties” -Marx (1976: 163)  
 
It is time to renegotiate nature-society interactions that have characterized modern agro-
food systems over a century (e.g. Goodman and Watts 1997; Mansfield 2003; Watts et al. 2005; 
Winter 2004; Vandergeest et al. 1999; Marsden et al. 1999; Murdoch et al. 2000; Goodman 
1999; Stonich et al. 1997). The globalized and generic nature presented in the analysis of agro-
industrial food systems greatly oversimplifies what are highly complex and geographically 
differentiated industries (Dicken 2007: 347). The ecological processes underpinning agro-food 
systems are also largely overlooked (Bridge 2000). Thus, we need to move away from the 
conventional, dualistic interpretations of separate economic and ecological processes of 
commodity production by providing an explanation for how ecological problems might emerge 
from particular ways of organizing production and how ecological conditions influence the rate 
and form of growth (Bridge 2000).  
This chapter counters approaches to the agro-foods literature that are aimed at ‘unveiling’ 
the economic realities existing at sites of production. I will consider the complex ways that 
various aqua-ecological processes influence, and are influenced by certain economic and 
political contexts for shifting prawn aquacultures sites (Hughes 2000). Material relations to 
resources and ecosystems are simultaneously social relations (Fougères 2005 citing Marx 1971; 
Berry 1989, 1993). Following Fougères (2005) and Marsden (1997), I explore the broader 
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context within which food quality for farmed prawn is socially constructed, global markets are 
regulated, and accumulation redistributes risk and power. 
More specifically, this chapter illustrates how aqua-ecological processes, local 
opposition, and environmental regulations combine to drive the shifting sites of prawn 
aquaculture from east Asia to east Africa and specifically from the Rufiji Delta to Mafia Island. 
Opposition to the prawn farm proposal in the Rufiji Delta mobilized a range of actors around the 
“sustainable development” of East Africa’s coastal resources who blocked and the project. In 
response to the controversy, the Tanzanian government established environmental regulations to 
promote the “sustainable” development of industrial prawn farming. This regulatory framework 
led to the establishment of an industrial prawn farm on Mafia Island. An industrial prawn 
farming company, Alpha Krust, gained entry into the EU market through international 
“sustainable” certifications for social and ecological responsibly farmed prawns.  
This chapter explores how the combined regulation and certification processes taking 
place on Mafia Island results in the “sustainable packaging” of prawns that satisfies Northern 
consumers, but marginalizes Southern resource users who are being punished for their resistance 
to an unsustainable production system.  
 
5.2 STUDY AREA ON MAFIA ISLAND 
According to the 2002 Tanzanian Population Census, Mafia District has 40,557 
inhabitants. It is divided into two administrative divisions, North and South.  The prawn farm is 
located between Banja and Jimbo villages in the Kirongwe ward. The populations of Banja and 
Jimbo villages are 627and 1,824 respectively according to the 2002 Tanzanian Population 
Census. Semi-structured interviews were conducted with a variety of actors in Tanzania 
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including key informants in local communities on Mafia Island mainly Jimbo and Banja villages 
(Figure 7); national NGOs; local, regional, and national governmental actors; prawn farm 
workers, owners and managers; and environmental consultants. On-site visits were conducted to 
observe the processing plant, hatchery, prawn farming operations, and Environmental Impact 
Assessments (EIA) on Mafia Island.  
 
Figure 7. Mafia Island district divisions, wards, and villages map (Source: Mafia District  
                 Office). 
 
 
 
5.3 “SUSTAINABLE” SHRIMP? 
Since the beginning of the intensive aquaculture regime, concerns have been raised about 
its environmental sustainability (Lebel et al. 2010; Naylor et al. 2000; Primavera 1998, 2006; 
Stonich and Bailey 2000). The sustainability of prawn aquaculture has usually been framed as a 
technical problem solvable with the adoption of best management practices (Lebel et al. 2010; 
Bene 2005). At the farm level, it is assumed to be solvable by better management of prawns and 
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ponds. At the national and international level, the objective is to maintain the industry’s 
competitiveness in export markets by adhering to regulatory standards that ensure the production 
of safe and reliable prawns for human consumption. In Thailand, Lebel et al. (2010) found that 
“sustainable” prawn farming is usually focused on international competitiveness.  
 
5.3.1 A GLOBAL PERSPECTIVE OF “SUSTAINABLE” SHRIMP  
Any assessment of the “sustainability” of industrial prawn farming must consider all 
aspects of the production process to human consumption (e.g. Naylor et al. 2000, Figure 8). 
Aquaculture is often promoted to relieve pressure on deteriorating wild fish stocks. Prawns 
depend on inputs (feeds in the form of fish meal and fish oil) from wild-caught marine fish from 
lower-trophic species. Of the world’s carnivorous/omnivorous aquaculture production, one-third 
of the world’s fish catch is used as fish meal and oils.  Added feeds are commonly used in semi-
intensive systems because prawns are stocked at high densities and are unable to rely solely on 
natural food sources. The Mafia Island semi-intensive prawn farm uses specially formulated feed 
pellets at the grow-out ponds past the larvae stage. For farmed prawns, fish meal and fish oils are 
the dominant ingredients in compound feeds. They are used to supply energy and essential amino 
acids that are deficient in plant proteins and fatty acids not found in vegetable oils. 
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Figure 8. Ecological links between intensive fish and prawn aquaculture and capture fisheries.  
Thick blue lines refer to main flows from aquatic production base through fisheries    
and aquaculture to human consumption of seafood. Thin blue lines refer to other  
inputs needed for production. Red lines indicate negative feedbacks (Source: Naylor et  
al. 2000). 
 
 
 
 
 
Lebel et al. (2010) argues that nearly two kilograms (1.94) of feed is required to produce 
one kilogram of black tiger prawns. Other studies identified the Feed Conversion Ratio (FCR) to 
range from 1.7-2.1 kg (Naylor et al. 2009; Lebel et al. 2002). Prawn farm managers on Mafia 
Island stated that they have a FCR ratio of 1.8 kg. Despite market improvements in FCRs and 
reductions in fish feeds (fish proteins and oils) inclusion rates, there are many problems 
associated with FCR. The first is the method for calculating the conversion ratio. The ratio is 
calculated without taking into account the difference between dry and wet weight (Bryceson 
Forthcoming). For example, fish feeds for prawns produced on Mafia Island are calculated by 
dry weight while measurements of prawns produced are calculated by wet weight. Thus, when 
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dry and wet weights are taken into consideration, it is estimated that 5 kg of fresh wild caught 
fish (wet weight) are used to produce 1 kg of feed (dry weight) consumed by cultured prawns 
(Naylor and Burke 2005:12).  Furthermore, the 5 kg of fresh wild caught fish comprise 
approximately 70%  of the dry feed ingredients.   
Aquaculture’s share of global fish meal and fish oil consumption has increased 
substantially in recent years (Naylor et al. 2009; Tacon and Metian 2008), increasing the amount 
of wild fish needed (Naylor and Burke 2005). Farmed production of fish and shellfish nearly 
tripled in volume between 1995 and 2007 (Naylor et al. 2009). As greater amounts of fishmeal 
are need to feed omnivorous aquaculture species such as prawn, high levels of fish oil are needed 
to provide LC omega-3 oils. Further growth in the aquaculture sector is likely to push prices for 
fishmeal and fish oil production higher. Another problem with wild fish inputs in feed includes 
tracing the origin of feed. Some international certifications for “sustainable” prawns require low 
FCR, but are not critical enough to the impacts the industry has on the marine ecosystems that 
supply them (Naylor et al. 2009). Lastly, these estimates do not take into account the use of 
energy and fuel needed for feed production and fishmeal processing (Troell et al. 2004).  By 
addressing the use of wild caught fresh fish as feed (proteins and oils) for cultured prawns 
illuminates why the prawn aquaculture is an unsustainable industry as it exacerbates rather than 
alleviates declines wild fish stocks. 
 
5.4 “SUSTAINABLE” SHIFTING AQUACULTURE TO MAFIA ISLAND?  
The mismatch between short-term profits and high yields results in longer-term 
environmental impacts and socio-economic costs that reduce the potential for more sustainable 
outcomes of prawn farming (Kautsky et al. 2000). For some, new aquaculture production sites 
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are thought to promote sustainable development by creating new jobs, economic growth, and the 
production of a provisional ecosystem service (MEA 2005). A political ecology perspective, 
however, raises questions about how the economic and political processes at and within different 
scales of analysis, from the local to the international, interact to produce ecological outcomes in 
new prawn production sites (Rangan and Kull 2008).  
The next sections illustrate how a politics of Tanzanian aquaculture standards are 
obscured through the rescaling of prawn farming from a large-scale proposed project in the 
Rufiji Delta to a small-scale “sustainable” prawn farm on Mafia Island. I will demonstrate the 
role of the state in facilitating these new circuits of “sustainable” prawn capital on Mafia Island, 
formerly considered “unsustainable” in the Rufiji Delta (Jessop 2006). I clarify the political 
dimensions (identities of the parties and interests participating in such arrangements), the 
regulatory dimensions (the instruments deployed and the values and conventions sought to be 
advanced under such arrangements), and the institutional dimensions (the architecture in which 
such arrangements are housed) for the prawn farming industry on Mafia Island (Baird and 
Quastel 2011).  
 
5.5 THE ALPHA KRUST PRAWN FARM ON MAFIA ISLAND 
A semi-intensive industrial black tiger prawn (Penaeus monodon) farm and sixty million 
capacity prawn hatchery were established on Mafia Island in 2002. Alpha Krust is a subsidiary of 
a large multi-national corporation, the Alpha Group, with headquarters and divisions throughout 
the world, including South Asia. Alpha Krust chose Mafia Island as an aquaculture site in order 
to market itself as a “pristine” prawn farm. Industrial prawn farming is vulnerable to pollution 
from outside sources, but it can also contribute to polluting its own surroundings – self-pollution. 
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Therefore, “pristine” in industrial prawn farming refers to a lack of surrounding industrial prawn 
farms that could potentially pollute the prawn farms’ in-take waters (Lebel et al. 2010). This 
makes the prawn farm more appealing to investors and more marketable to consumers.  
Alpha Group dominates the market for wild caught marine exports in East Africa, 
particularly from Mafia Island (Bryceson et al. 2006). Mafia Island was also chosen as the prawn 
farm and hatchery site due to its close proximity to the company’s marine processing and 
packaging plant, Tanpesca Limited, on the Island. Alpha Group’s website states, “combined with 
our supervision from the supply chain from production to processing and export, we can 
guarantee quality products” (Alpha Africa 2009). Furthermore, establishing an industrial prawn 
farm reduces risk. Risk involves a situation where the outcome is unknown, but the probability 
of alternative outcomes is known (Fougères 2005 citing Casavant et al. 1999). The Alpha Group 
reduces risk by diversifying their marine export product base with industrial farmed prawns to 
maintain “reliable supply delivery of consistent and guaranteed supplies” of marine products 
(Alpha Africa 2009). Thus, in the event of declines in capture fisheries or increased restrictions, 
such as the recent 2002 ban on all industrial prawn trawling in Tanzania, the Alpha Group 
remains viable for international markets by securing supply. A hatchery also reduces risk in the 
production of farmed prawns.  
The Alpha Group also chose the area for access to nearby and inexpensive broodstock 
from the Rufiji Delta. The Alpha Group website states they have “established a network of 
guaranteed daily supply of broodstock from local communities of fisherman situated in the 
islands scattered throughout the Rufiji Delta” (Alpha Africa 2009). Furthermore, the company 
argues that these communities “benefit from a regular income by doing business with us and this 
contributes to sustainable livelihoods” (Alpha Africa 2009). Interviews with fisherman from the 
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Rufiji Delta found that broodstock is purchased for approximately 3,000 shillings (approximately 
$2 USD) per prawn. Alpha Groups’ contribution to “sustainable” livelihoods is brought into 
question when the brookstock price in the Rufiji Delta is compared to the international market 
price of approximately $300 USD per prawn (FAO 2006-2011).  
Fisheries are the main source of income or employment for villagers on Mafia Island. 
When the prawn farm was proposed, many villagers said they had concerns over losing access to 
vital fisheries as a result of the project. Villagers were also concerned over potential negative 
social and ecological impacts. Many villagers brought up the resistance movement against the 
prawn farm proposal in the Rufiji Delta as a basis for rejecting the project on Mafia Island when 
it was proposed. The forms of resistance villagers initiated at the time the prawn farm project 
was proposed on Mafia Island included letters to the Prime Minister. Villagers also placed nails 
on the roads to impede prawn farm construction trucks from entering the area. When 
construction began at the prawn farm in 2005, the District Mangrove Officer wrote a letter to the 
Director of Forestry reporting that Alpha Krust was cutting mangroves without a permit. This 
forestry officer was transferred to the Tanga District, Tanzania.  
Tanzanian President Jakaya Kikwete endorsed the project during a public visit to the 
farm (Nyemenohi 2007). The project was subsequently backed by the district level government 
on Mafia Island which are appointed by the President.  Project endorsement by district officials 
was highlighted on the Alpha Group’s website: district leaders “recognize the prawn farm as a 
“win-win” situation and are active stakeholders” (Alpha Africa 2009). According to the 
mariculture guidelines, major aquaculture projects (e.g. backed by at least $300,000 USD for 
foreign investors or $100,000 USD for local investors) fall under the jurisdiction of District 
officials and not Village government officials (TCMP 2001). Village governments are only 
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involved if it is a minor aquaculture project. District governments’ review proposed large-scale 
projects on behalf of local government to assess local acceptability and evaluate feasibility from 
a local perspective as part of the EIA permit process. According to the EIA regulations, when a 
project is proposed, district representatives should “liaise with local stakeholders to assess local 
acceptability” and then convey “local evaluation of the project” (TCMP 2001). Villagers residing 
near the prawn farm stated that during the proposal for the project, the former District Chairmen 
(DC) came to the village of Jimbo and told the villagers, “whether you like it or not, this 
company is coming here. It is the decision of the DC’s office, not yours”.  
Despite protests, the prawn farm was fully established in 2002 with medium-sized ponds 
and stocking densities. In December 2005, the first post-larval prawns were stocked in the ponds. 
By 2006, fifty percent of the proposed farming plots were constructed amounting to 240 hectares 
(land area for the entire prawn farming operation covers 300 ha). Within the prawn production 
ponds, artificial and high protein feed is added. A wide array of chemical and biological products 
is also used to enhance prawn production. Fresh and salt water is pumped into ponds to maintain 
suitable salinity rates as well as routine exchange, and replacement for evaporation and 
percolation. Water exchange rates can be high, up to 30% per day. Circular water movement 
with aeration is also employed. These ponds are expected to produce 1,600 tonnes of prawns at 
“the optimum commercial size of 33 grams” each per harvest (Alpha Africa 2009). Interviews 
with prawn farm managers found that if the prawn farm is managed well, they have five prawn 
harvests every two years.   
Annual revenue for Alpha Krust is estimated around $40 million (USD) annually. Alpha 
Group’s website states that total profits are also estimated to range from $50 to $100 million 
(USD) annually (Alpha Africa 2009). The governance discourse at the district level, however, 
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raises questions of legitimacy and accountability of statistical data regarding prawn exports from 
Mafia Island. Despite numerous attempts, I was unable to obtain reliable export data for farmed 
prawns from Alpha Group officials, Alpha Krust managers, district officials on Mafia Island, or 
the Aquaculture Department at the Ministry of Livestock Development and Fisheries. Similar 
difficulties are also noted by Bryceson et al. (2006). The Tanpesca processing and packaging 
plant on Mafia Island allows the company to ship prawn exports directly from Mafia. This 
process is overseen by district authorities who issue declarations on the amount of prawns 
shipped and oversee tax calculations. The Alpha Group also has export facilities in Mombassa, 
Kenya. This export facility could potentially allow them to evade tax calculations.  
 
5.6 INTERNATIONAL CERTIFICATIONS FOR “SUSTAINABILE” SHRIMP 
It is assumed that a combination of technologies, standards, and market instruments, like 
certification, leads to better practices and “sustainable” outcomes (Lebel et al. 2010; Bene 2005). 
Certification standards are central to how many agri-food networks are put together, including 
what values, politics, and power relations are at play (Baird and Quastel 2011: 340). 
International certifications are thought to promote “sustainable” development of the aquaculture 
industry in Tanzania. In 2007, Alpha Krust received formal EU certifications that allow the 
company to export head-on black tiger prawns. Certifications include BRC, HACCP, and ISO 
(14000, 22000, 9000, and 17025). Tanzania is also a signatory of the CCRF or the aquaculture 
section of the FAO Code of Conduct for Responsible Fisheries (FAO 2006-2011). The CCRF 
requires states to “promote responsible aquaculture practices in support of rural communities, 
producer organizations and fish farmers” (FAO 2006-2011).  In combination, they facilitate entry 
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into the EU market.  As the Alpha Group’s website states, “[we] are proud to reach and supply 
international markets with our products” (Alpha Africa 2009). 
The Hazard Analysis Critical Control Point (HACCP) standards are “stringent actions to 
prevent the hazards from occurring in the food production process” (FDA 2011). They seek to 
control major food risks such as microbiological, chemical, and physical contaminants to protect 
public health. These standards address public concern over chemical residues in food, such as 
pesticides and antibiotics. Rather than end-product microbiological testing, HACCP provides 
assurance throughout the aquaculture production process. Alpha Group’s website states, “all 
aspects of the harvesting procedures follow strict HACCP quality control standards, which are 
the most demanding” (Alpha Africa 2009).  
ISO 9000, ISO 22000, and ISO 17025 standards are used to meet quality management 
principles, the international standard for food safety management, and competence of testing and 
calibration laboratories (ISO 2011). ISO 17025 certifies testing and calibration laboratories and 
includes quality management and competency of staff, methodologies, and testing equipment” at 
the laboratory site (ISO 2011). Mafia Island prawn samples are tested in laboratories approved 
under this certification. ISO 14000 standards ensure “desirable characteristics of products and 
services such as quality, environmental friendliness, safety, and reliability” (ISO 2011). These 
standards are also promoted to facilitate trade between countries and make it fairer; provide 
governments with a technical base for health, safety and environmental legislation; and 
safeguard consumers (ISO 2011; CERT ID 2009). Alpha Krust is also certified under the 
European Union Council Directive 96/23/EC which measures and monitors certain substances 
and residues in prawns. 
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Alpha Krust’s ability to obtain these international certifications for “sustainability” is 
regulated by “strict” long-term monitoring and mitigation strategies that are overseen by NEMC 
through the EIA process.  The following sections illustrate how these certifications work as a 
mode of regulation to shift, balance, or reassert power in the prawn commodity network (Baird 
and Quastel 2011). Underscoring this point, an EIA consultant stated, “if this company can 
receive these global certifications, there is no possible way its production processes could have a 
negative social or environmental impact”.  Furthermore, a prawn farm manager stated, “we have 
received international certifications which prove our production methods are “environmentally 
friendly””. The next section critiques the prawn farming industry’s claims for “sustainable” 
prawns based upon increasing regulations and better management practices (Lebel et al. 2010).  
 
5.7 ADDING A CRITICAL LENS TO THE MAFIA ISLAND PRAWN FARM EIA 
Alpha Group’s website states, “we are committed to meeting all the environmental and 
planning requirements and successfully completed a detailed EIA of the project, and established 
a long-term monitoring program to provide feedback on environmental and social measures we 
have introduced” (Alpha Africa 2009). To the contrary, observations of an EIA for the Mafia 
Island prawn farm revealed discrepancies in the accuracy, efficacy, and reliability of the reports. 
There is a real risk that the EIA will be partial and effectively promote the company’s interests, 
rather than being an objective attempt to identify potential negative impacts and the mitigation 
measures that need to be taken (FAO 2009). Given the commercial stakes for industrial prawn 
aquaculture, this tendency should not be unexpected (FAO 2009). In Tanzania, the solution is 
that NEMC oversees the EIA process through “adequately trained EIA consultants accredited by 
NEMC” (FAO 2009). This is mandated in EIA regulations. Despite this, one EIA consultant 
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(who also works for the Tanzanian state) for the Mafia Island prawn farm stated during the EIA 
that it was his “responsibility to keep the prawn farm project going” and he was “directed by the 
government to help it stay profitable”.   
EIA assessments are part of the long-term monitoring plan required for all industrial 
prawn farming projects in Tanzania. For the Mafia Island prawn farm, EIA assessments are 
conducted two times a year and began in 2005. The consultancy firm (accredited by NEMC) 
Environmental Association of Tanzania (ENATA Ltd.) was hired by Alpha Krust to produce the 
EIA reports for the Mafia Island prawn farm. ENATA Ltd. then hired Tanzanian academics (i.e. 
marine ecology, etc.), medical doctors, and government officials from various ministries (i.e. 
MNRT Division of Forestry, Ministry of Livestock and Fisheries, etc.) to collect data on the 
social and environmental impacts of the prawn farm and produce the EIA reports. The EIA 
reports are then reviewed by an advisory committee comprised of Tanzanian academics, 
prominent Tanzanian international environmental NGOs, and government officials. 
Subsequently, the reports are officially accepted by NEMC.    
During participant observations of one of the bi-annual data collection trips for the EIA, 
the EIA consultancy team first met with Alpha Krust to discuss what both Alpha Krust managers 
and the EIA consultancy team referred to as, “the problems that needed to be fixed”. An Alpha 
Krust official stated that the “biggest obstacle we face is the fish landing site”. He argued that it 
needed to be moved from near the hatchery because it was polluting the in-take water. The area 
where the fish-landing site is situated is very important to Mafia Island fishers because it is the 
main landing site and fish harbor on Mafia Island for all exports of marine catch to Dar es 
Salaam (which is the primary export port in Tanzania). Since the establishment of both the 
marine processing plant and the hatchery, villagers are increasingly restricted from this fish-
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landing site. The amount of beachfront for the fish-landing site also decreased substantially. In 
response, villages wrote numerous letters of appeal to the Tanzanian Commission on Human 
Rights and Good Governance as well the Vice President’s Office. During the EIA, consultants 
collectively decided they would pay 5,000 TZS (approximately $3.33 USD) to a small number of 
villagers for their signatures endorsing Alpha Krust’s proposal to move the fish landing site to 
another area on Mafia Island. As the consultants stated during the EIA, villagers’ signatures 
would “fix Alpha Krust’s issue with the fish-landing site”.  
EIA consultants also met with a district official on Mafia Island. The official told 
consultants that he received many formal letters of complaints from villagers about chemicals 
used at the prawn farm that kill their fish and crabs. An EIA consultant responded, “the villagers 
claim sodium chloride is used, which is already in the ocean, they don’t know anything”. In 
semi-structured interviews with villagers and document analysis of letters sent to district 
headquarters on the impact of chemicals used at the prawn farm, sodium chloride is never 
mentioned.  
During the EIA visit to the hatchery, Alpha Krust stated they did not use chemicals in any 
phase of the spawning, hatching, and rearing process. At that point while next to the storage tank 
of in-take water when an EIA consultant stated, “I smell chlorine, do you smell chlorine?” The 
lead EIA consultant responded, “you don’t smell anything”.  However, observations of the water 
in the tank indicated a distinctive chlorinated odor and appearance.  In-take water is often 
disinfected with chlorine to kill bacteria and viruses in prawn hatcheries (Lebel et al. 2010).  
A district forester who participated in the Alpha Krust EIA consultancy mentioned that 
he was starting see an impact on the mangrove forests from prawn farm effluents (e.g. yellow 
coloring, some dying off, etc.). However, he stated that the effects from the prawn farm wouldn’t 
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cause a large negative impact on the surrounding mangrove ecosystem for another ten to twenty 
years and that it was not currently an issue.  
To assess the social impacts of the prawn farm, consultants met with one person in one 
village surrounding the prawn farm. During the meeting, they paid her 20,000 TZS 
(approximately $13 USD) and then discussed issues with the prawn farm. The meeting lasted 
approximately half and hour. The woman raised a number of concerns and said the most 
important was a broken well at the dispensary. The consultants stated they would fix the well.  
The Jimbo village chairperson stated that the well remained broken during a phone conversation 
in February 2011.   
Document analysis of various EIA reports for the prawn farm on Mafia Island, including 
the observed EIA (which corresponds to the eighth EIA report), found them erroneous in their 
assessments of both the social and environmental impacts. The eighth EIA report listed the 
“social benefits” villages received since the prawn farm was established. These benefits were 
read aloud at village meetings in Jimbo and Banja. For Banja village, none of the benefits listed 
in the reports were realized.  Jimbo village has received a small amount of subsidized grain for 
approximately half the students at the primary school and a small amount of construction 
materials for the school. 
The EIA report stated there was no environmental impact to the surrounding mangrove 
ecosystem as a result of the prawn farm intervention.  An assessment of the data found many 
errors in both the data collection as well as the analysis in the EIA reports. A major problem with 
the EIA reports were the locations where the EIA team took their water quality samples. I 
compared the UTM coordinates of the ecological water quality measurements in the EIA report 
and plotted them onto a high resolution 2006 Quick Bird satellite image of the same area 
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(Multispec Version 3.3 Software). The GPS point identified as the “starting point of the farm 
outlet creek” is located 548 meters northwest of the actual starting point of the prawn farm outlet 
into the mangrove creek that is channeled to Kirogwe Bay (ENATA 2003). Instead of choosing 
the correct point where the canal empties effluent into the mangrove creek, the EIA point is 
within the mangrove forest where the effluent does not reach. Therefore, water quality 
measurements are unable to capture the potential for pollution in the receiving water. This GPS 
point is also situated deep within the mangrove forest. According to the satellite image, there are 
no tracks of cut mangrove forests to reach that position in order to take water samples or 
measurements.  The second GPS point, listed in the EIA as “point in Kirongwe Bay where farm 
outlet creek joins bay”, is not where the creek meets the bay, but 1,086 meters out into the bay 
where water quality measurements indicate that the effluent water is much more diluted 
(ENATA 2003). Furthermore, the aforementioned mangrove foresters’ observations of minor 
negative impacts on mangrove forests were not documented in the subsequent eighth EIA report. 
Major requirements for “sustainable” international certifications are EIA long-term 
monitoring and mitigation, particularly the treatment of prawn farm effluents with settlement 
ponds (FAO 2006-2011). The EIA for the prawn farm was passed according to the construction 
plans. Alpha Krust planned to build 8.41 ha of sedimentation and oxidation ponds in the 
corresponding salt pans (bare mangrove plots) adjacent to the prawn farm for the mitigation of 
prawn farm effluent (ENATA 2003). Sedimentation ponds or basins, particularly for prawn 
farms in tropical countries, are a common method for treating polluted effluents. They also need 
to be emptied and scraped clean at various intervals for waste disposal. Alpha Krust never built 
sediment basins. Rather, they now argue that the canal is an appropriate method for treating 
polluted effluents (Figure 9). Alpha Krust now argues that the polluted effluent takes time to 
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travel through the canal and that the effluent’s exposure to sunlight and salt water to cleanse the 
effluent and the sediment settles within the canal.  The satellite image indicates that this is not 
possible because the canal is narrow with constant water movement. Water is thus unable to 
settle in the canal in order for aerobic processes (including sun light and salt water penetration) 
to break down the chemicals and sediments in the effluent over time.  Alpha Krust also harvests 
the prawns at night and the effluent exits the canal prior to receiving sunlight in following 
daylight hours. Consistent water movement also re-suspends chemicals and waste from the 
production ponds. Furthermore, the next chapter water quality measurements indicate that the 
effluent water has low oxygen and high turbidity levels at the exit point of the canal.  Thus, there 
is currently no effective effluent treatment from the production ponds and the prawn farm 
violates this requirement. 
 
Figure 9. 2006 QuickBird satellite image of prawn-farm canal where it meets the mangrove  
  creek (Source: QuickBird 2006).  
 
 
 
Villagers stated that they want to know who is in charge of writing the EIA reports, “is it 
the government or the company?”  The requirement in the 2005 Environmental Law for EIAs is 
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that the company employs EIA consultants (TCMP 2001). This results in a conflict of interest. 
Furthermore, in the case of the Mafia Island prawn farm, the EIA’s consultants role is to diffuse 
various contentious issues associated with the prawn farm on behalf of Alpha Krust rather than 
identify social and environmental impacts. NEMC is the agency that ensures EIA assessments 
are legitimate. As the EIA for the Mafia Island prawn farm demonstrates, this is not always 
achieved. 
One villager stated, “what is the point of these reports if they can’t be checked for the 
truth? Why aren’t any villagers/chairpersons on the committee that checks these reports?” 
Villagers stated that they were never consulted during any EIA and never received any copies of 
EIA reports. The reports are also in English and translation to Kiswahili is not required. If any 
objection from the community is registered in writing with authorities, then it is reviewed by the 
District Government. Given the power of the District Government in the EIA review process as 
the aforementioned rhetoric and attitude towards villagers, this provides little recourse. The 
remoteness of many prawn farms, like in Tanzania, and the power of district government 
officials in overseeing EIAs makes it easy to “put on a show” (Mukerjee 2009; Vandergeest 
2007). 
 
5.7.1 Violations of Land, Workers’, and Human Rights  
The quest towards selling “sustainably produced” seafood involves complex imageries 
including the construction of spaces, places, and biophysical environments that inhabit and move 
along commodity networks (Baird and Quastel 2011). The Alpha Group created a short film that 
contains footage of smiling villagers shaking hands with Alpha Group employees, picturesque 
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scenes of Mafia Island and the Rufiji Delta (Alpha Africa 2009). The following statements are 
made in the video: 
“we are a modern company so we take our responsibility towards the environment 
and amongst local communities very seriously. To promote cooperation with 
these communities, we have actively sought to establish what we call 
“partnerships for development”.  Whether on the Swahili coast or the shores of 
Lake Victoria, the Alpha Group is promoting the sustainable development of East 
Africa’s economy”.  
 
Tanzania’s coastal sustainable development goals are defined as the ability to “preserve, protect 
and develop the resources of Tanzania’s coast for use by the people of today and for succeeding 
generations to ensure food security and to support economic growth” (TCMP 2003). Alpha 
Groups’s ability to provide Tanzania with “sustainable development” is brought into question 
when the contents of this video are juxtaposed with the violations of human, workers’, and land 
rights occurring as a result of the prawn farm development on Mafia Island. This is particularly 
the case when Tanzania’s sustainable development goals are compared to the definition of 
sustainable development as “the successful reconciliation of economic development, 
environmental conservation, and social equity” (Bassett 2010). Furthermore the following 
statement by an Alpha Group official calls into question Alpha Krust’s commitment to a 
“partnership for development” with villagers, “when people are uneducated, like on Mafia, they 
believe we (the company) are making a lot of money and they only complain because they want 
a part of it”. 
 
5.7.2 Land and Resource Access Rights  
Resource access is defined as the means, processes, and relations by which individuals 
gain, maintain, and control the ability to benefit from a resource (Ribot and Peluso 2003). The 
Mafia prawn farm has substantially reduced villagers’ access to residential land, farmland, and 
 
 
105 
important fishing grounds and docking areas. Multinational and domestic corporations often take 
advantage of the ambiguous property rights regimes of coastal territories around the world by 
initiating “new enclosures” and turning mangrove ecosystems for prawn production into items 
bought and sold in markets (Fougères 2005; Skladeny and Harris 1994).  With support of state 
actors, these outsiders appropriate and turn commonly-held ecosystems into private, 
exchangeable parcels (Fougères 2005).   
Alpha Krust was able to turn formerly commonly-held coastal resources on Mafia Island 
into private and exchangeable parcels of land through national and district officials in concert 
with “sustainable” regulations governing industrial aquaculture in Tanzania. The majority of land 
allocated for the prawn farm was “public” land and mangrove forests that do not require village 
government consent. Some villagers sold their village land at low rates in return for promises of 
job security at the prawn farm. Villagers stated they had doubt and concerns about “public” land 
and coastal areas designated for the prawn farm, particularly regarding access to the mangrove 
forest, the coast, and fishing areas, but did not think they had legal grounds to make formal 
complaints.  
With respect to mangrove forest resources, villagers stated that more restrictions from the 
prawn farm and mangrove forest conservation cause directly decrease their access, control, and 
possibility of managing their resources. One villager said that “if even one individual from the 
village did the kind of destruction to the mangroves the way the company has, they would be 
prosecuted and jailed, but when a company does this kind of destruction (killing crabs, 
destroying mangroves by clearing them and some are dying) the government doesn’t care one 
bit”.  
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The reported occasional mass kills of fish and crabs by chemicals as well as general 
declines in fish and crab abundance in creeks surrounding the prawn project is significantly 
affecting villagers’ livelihood security. This is exacerbated by villagers’ inability to access the 
only harbor that was crucial for trading and loading goods (coconuts, fish, crabs, etc.) onto 
vessels for transport to markets. The harbor also contained a building for storing villagers’ 
goods. This harbor is now the in-take water zone for the prawn farm. As one villager stated, 
“things are even harder for us now because we don’t have this port or a way to transport or store 
our goods”. 
In order to sustain Mafia’s globally known rich fisheries resources, Tanzania established 
the first and largest marine park, Mafia Island Marine Park, on Mafia Island in 1995 (Figure 
10)(Bryceson et al. 2006). Villagers feel that their livelihoods are impacted by both the 
restrictions and inability to access vital resources for fishing from the prawn farm as well as the 
marine park. Covering most of the southern half of the island, the marine park has, in fact, 
reduced the local fishing communities’ access to prime fishing and docking areas. One villager 
stated, “we are further squeezed by the prawn farm and the marine park”. Villagers residing near 
the prawn farm now fish on the other side of the island at Kifinge (Figure 10) which is the side of 
the island where villagers are faced with fishing restrictions from the marine park. Discussions 
with marine park officials confirmed receiving letters of complaints from villagers regarding fish 
and crab kills, but stated that they did not have the capacity to address these concerns as they 
were out of the marine park boundaries. They also stated that their main concern was increased 
fishing in the marine park as a result of fish and crab kills.  
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Figure 10. Mafia Island marine park boundaries (Source: Mafia Island Marine Park  
                   Headquarters). 
 
 
 
5.7.3 Violations of Workers’ Rights  
Alpha Krust promised jobs and benefits to local people living in adjacent areas prior to 
the farms establishment. When the project commenced, Alpha Krust initially employed villagers 
to work at the prawn farm as guards and laborers.  At that time, many villagers stated that their 
workers’ rights were not respected. Villagers argued that “workers’ rights at the prawn farm 
were a very big issue” because “there are no workers’ rights”. Villagers who worked at the 
prawn farm described unjust working standards including twenty-four hour shifts and verbal 
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abuse from prawn farm managers. One villager stated that there were no formal contracts and 
they often did not receive compensation for work performed. Another villager said, “my father 
sold his land to the prawn farm in exchange for my employment with the company. After eight 
months of work, I was badly burned at the prawn farm and the company told me to go home and 
rest. Instead, they fired me and did not compensate me for my medical care for my burns”. This 
contrasts with Alpha Group’s website that states, “to promote good hygiene in all their facilities, 
all staff and their families receive a range of health benefits from our company”.  
Alpha Krust replaced workers from the surrounding villages with workers from their 
partner company in the Mwanza region of Lake Victoria, Tanzania. Villagers who lost their jobs 
at the prawn farm received letters stating that all concerns should be directed through the partner 
company in Mwanza. As one villager said, “I feel I have no rights because I am told by each 
company that it is the other company’s fault”.  
 
5.7.4 Violations of Human Rights  
Two fatalities, both from electrocutions, have occurred at the prawn farm. The first 
instance occurred while a villager tried to rescue his donkey from an undesignated electric fence. 
There is an enormous amount of resentment by villagers towards the prawn farm due to the lack 
of response to this incident. The prawn farm would not allow villagers to collect the body of the 
deceased for eight hours. Villagers are predominantly Muslim where burial must happen within 
twenty-four hours after a death. As one villager stated, “this made us feel like they don’t even 
think of us as human beings, like that man was not even a human being”. Another worker at the 
farm was instructed to fix an electrical fault despite not having protective clothing or training and 
died immediately. It is well known throughout the villages that these families have yet to be 
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compensated for their losses. When I inquired about the death at the prawn farm by the man 
attempting to rescue his donkey during an interview with a prawn farm manager, he responded 
“well, you know, these people (villagers) have sexual relations with donkeys. So this means they 
are not human, they are like donkeys”.  
Villagers are concerned about the farm’s effects on their health. These include concerns 
about contaminated well water. In one village, the well water is now a white murky color. 
Villagers stated that the discoloration of the water began along with the establishment of the 
prawn farm. The current literature on the associated environmental impacts of industrial prawn 
farming does not, however, provide any explanation for the discoloration of this well water. 
Villagers are also worried that the use of chemicals in the prawn farm is spreading to marine 
species in adjacent coastal waters. There is a risk that the use of chemicals in prawn ponds can 
result in the uptake of residues by filter-feeding mollusks, fish, crustaceans in the surrounding 
environment (Gräslund and Bengtsson 2001). Potential effects to human health are a concern if, 
for example, filter-feeding mollusks adjacent to semi-intensive prawn farms are harvested for 
human consumption. Even if chemicals are not used prior to harvesting farmed prawns to meet 
export standards, the contaminated effluent is discharged into waters used for fishing during the 
time they are in use. 
District government officials told villagers they were no longer allowed to contact the 
prawn farm with their complaints. All complaints must be handled through the District 
Commissioner’s office. According to the EIA guidelines, these are the type of impacts that must 
be reviewed and rectified by district officials if contested by villagers. District officials receive 
letters from villagers regarding these types of impacts by villagers. Villagers stated that they find 
this very problematic because the district government does not respond to their complaints. 
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Furthermore, district officials refused to sign a form that provided seven million shillings 
(approximately $4,600 USD) of funding from the central government for one village’s 
infrastructure (e.g. schools, dispensaries). The reason given was that the villagers were “trouble 
makers”.  
When asked about institutional support, villagers gave an example of a meeting led by an 
environmental NGO with funding from a prominent international environmental NGO. The goal 
of the meeting was to address villagers social and ecological concerns associated with the prawn 
farm. Concerns over the social and environmental impacts by the prawn farm were raised at this 
meeting. All of the villagers working for the prawn farm that attended the meeting were fired 
from their positions immediately after the meeting took place. One villager stated, “this makes us 
afraid to speak out against the problems with the prawn farm”. The NGO chose to coordinate all 
meetings through the village secretary who is appointed by District Officials rather than the 
village chairperson, who is elected by the villagers. Many villagers stated this makes them 
believe the NGO is biased in favor of the prawn farm and district officials.  
This same national NGO held a meeting in the main town of Kilondoni to “teach 
villagers how to monitor the environment” and how to “benefit from the Mafia Island prawn 
farm”. The meeting discussed techniques for small scale prawn and crab farming. Small-scale 
aquaculture is considered an effective tool for poverty alleviation and large amounts of donor 
funding have been allocated for it in coastal Tanzania (e.g. World Bank MACEMP). Small-scale 
aquaculture, however, requires expensive inputs such as a hatchery, tools for excavating the land 
for ponds, and water pumps for the ponds that villagers are unable to afford. Even at a small-
scale, these ecological requirements associated with prawn aquaculture production affect the 
possibilities of small-scale producers to achieve forward integration into this commodity chain 
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(Fougères 2005). When asked about assistance for these inputs, the NGO stated that it was “the 
responsibility of Alpha Krust”. In Alpha Krust’s initial EIA report, the company stated that they 
would assist small-scale prawn aquaculture development in surrounding villages as a mitigation 
measure. Alpha Krust did not allocate any funding for these inputs and there was no outcome 
from this meeting. Many villagers stated that the meeting was a “waste of time”.   
 
5.8 COLLECTIVE POLITICAL ACTION  
In the two villages located adjacent to the prawn farm, it is difficult to find a person that 
is in favor of the project. Villagers angrily stated, “not one person in our villages is for this 
project, not one!”  One villager described the current state of affairs as a result of the prawn 
farm: 
“we are here in Mafia. Many of us can’t read or write and we are scared about the 
future. We don’t know much about development, I have never even been to Dar 
es Salaam. I want you to know that this is not about us wanting more work from 
this company; that is not the point. The point is that we are just very scared about 
our future because this company has made things worse for us, rather than better”. 
 
These inequities continue despite national regulations and global certifications for social and 
ecological “sustainability” of industrial prawn farming. In response, there is a growing coalition 
of wage workers, fishers, and villagers that are mobilizing against the forms of exploitation, 
ecological degradation, and oppression they are facing. In 2008, villagers held a public 
demonstration. A group of women (and some male) villagers living around the prawn farm 
successfully blocked the former Prime Minister of Tanzania, Edward Lowassa, from visiting the 
prawn farm by lying on the road. Villagers stated this demonstration was in protest to the death 
of the villager by electrocution and the “arrogance” towards villagers by Alpha Krust. Villagers 
did not want the farm to receive “prestige” by a visit by the Prime Minister. As a result of the 
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violations of human, land, and workers’ rights, village leadership in one surrounding village 
shifted allegiance from the ruling party Chama Cha Mapinduzi (CCM) to the opposition party 
Civic United Front (CUF) in the 2010 Tanzanian political elections. As one villager stated, “our 
former villager leader is in the pockets of the district and the prawn farm”. District leaders are 
appointed by President Kikwete and thus a part of the ruling CCM political party.  
Despite different political alliances in local village leadership in the two villages 
surrounding the prawn farm, Banja (CCM) and Jimbo (CUF), they are working together to cope 
with the social and ecological impacts of the prawn farm. As one villager said, “we are all in the 
same soup”. Village governmental representatives are currently working with a state attorney to 
initiate a court case against the prawn farm for violations of human, land, and workers’ rights. 
There is a provision within the 2005 Tanzanian Environmental Law that designates a gratis state 
attorney responsible for representing the interests of the public in environmental disputes (FAO 
2009).  
 
5.9 REVISITING “SUSTAINABLE” SHRIMP 
The prawn farm on Mafia Island represents a new and “unsustainable” industry that has 
emerged from the interactions between environmental change and political-economic processes 
(Rangan and Kull 2008). In the quest for more valuable “green” prawns, this chapter reveals how 
Northern consumers, prawn farm owners and managers, as well as the Tanzanian state benefit, 
while villagers experience violations of human, workers, land, and resource access rights. These 
inequities continue despite national political regulations and global certifications for social and 
ecological “sustainability” of industrial prawn farming in Tanzania. Thus, prawn capital has 
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reinvented itself from the Rufiji Delta to Mafia Island through the “veils of commodity 
fetishism” (Marx 1976). 
Past experience of agro-food networks that appear to have more “sustainable” outcomes, 
albeit imperfectly, are ones that feature participatory and democratic forms of institutional 
design, allowing diverse producers and users of the system to engage with management 
processes and technical certification standards (Baird and Quastel 2011; Vandergeest 2007). 
Baird and Quastel (2011) demonstrate the difficulty in achieving these goals when scaled up to 
include diverse Northern and Southern interests, particularly when there are weak institutional 
structures. Tanzania is considered to have a “strong regulatory guidance on public participation – 
in terms of the need to seek views, publicize, and hold facilitated meetings” (FAO 2009: 34). 
This, combined with the numerous regulatory measures put in place for industrial prawn 
aquaculture in Tanzania makes it appear as though Tanzania is the most suitable place for 
“sustainable” industrial prawn farming. The political-economic realities at the prawn production 
site, however, unveil the “sustainability” of the prawn farming industry in Tanzania. These 
regulations are not only unable to challenge the unsustainable practices at the prawn production 
site on Mafia Island (Lebel et al. 2010; Biao 2008), they serve to facilitate them. It remains to be 
seen if the growing collective political action by villagers against the various forms of 
exploitation, ecological degradation, and opposition they are facing will challenge these 
unsustainable production practices. 
In order to more thoroughly capture the “sustainability” of the industrial prawn farm on 
Mafia Island, I will integrate these social, political, and economic aspects with ecological theory 
to measure the “ecological state” of the prawn farm and its coastal surroundings. As Zimmerer 
and Bassett (2003) argue, any rigorous political-economic explanations of human-environment 
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interactions should examine and articulate the ecological changes and events taking place while 
also recognizing the influences of ecological conditions on human responses and power 
relations. Thus, the next chapter will draw on insights from ecological resilience to explore the 
ecological change taking place as a result of the prawn farm intervention on Mafia Island.  
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CHAPTER SIX 
DETERMINING THE ECOLOGICAL STATE OF THE PRAWN FARM AND 
SURROUNDING MANGROVE ECOSYSTEM  
 
6.1 ECOLOGICAL RESILIENCE 
Resilience was originally introduced by Holling (1973) as a concept to help understand 
the capacity of ecosystems with alternative attractors to persist in an “original” state subject to 
perturbations (Folke et al. 2010; Gunderson 2000; Folke 2006). Resilience provides insights into 
the capacity of an ecological system to absorb disturbance and reorganize while undergoing 
change so as to still retain essentially the same function, structure, and feedbacks (Folke et al. 
2005). Holling’s (1973; 1986) multiple basins of attraction research challenged “stable 
equilibrium” assumptions and criticized conventional “balance of nature” ecological theories. It 
was a fundamental shift in thinking from assuming the world in a steady-state that can be 
preserved by preventing and controlling change, to recognizing change as the rule rather than the 
exception (Berkes et al. 2002). Thus, Holling’s research illustrates system complexity, non-
linearity, and multi-equilibriums with self-organising properties. Holling (1973) argued that 
“resilience determines the persistence of relationships within a system and is a measure of the 
ability of these systems to absorb changes of state variables, driving variables, and parameters 
and still persist” (17). It brought forth new understandings of how complex systems absorb 
recurrent perturbations, live with and shape change, and cope with uncertainty and risk in the 
context of multiple-equilibrium systems (Elmqvist et al. 2003; Hughes et al. 2005).  
Resilience thinking draws from systems theory to identify and understand where 
resilience resides in the system (Folke et al. 2010; Scheffer et al. 2001; Carpenter 2003). It is 
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used to measure the sensitivity of the system to perturbations, and the measure of the system’s 
vulnerability to unexpected or unpredictable shocks: the ability to determine a system’s 
resilience (Holling 2001). These are the properties thought to shape the responses of ecosystems 
to crisis. Resilience thinking provides a framework of analysis for how systems cope with 
disturbances without changing their structure or functions until they cross certain thresholds. 
This includes the likelihood of shifts or transitions among different ecological system 
configurations (Armitage 2006; Walker et al. 2002).  
Through resilience thinking, we are better able to identify the existence of observable 
thresholds or transitions between different system states (regime shifts). A system is considered 
to be in a “desirable” state if it is able to provide provisioning, regulating, supporting, and 
cultural ecosystem services (e.g. MEA 2005). Ecosystem services are broadly defined as the 
“benefits” people obtain from ecosystems (Bennett et al. 2009, ecology letters). A disturbance or 
perturbation can bring the system over a threshold that marks the limit of the basin of attraction 
or stability domain of the original state and causes the system to be attracted to a contrasting 
state (Folke et al. 2010). Beyond these thresholds, disturbances cannot be cushioned any more 
and the system shifts to another state. Crossing a threshold is the point at which “surprise” occurs 
and is the function of uncertainty and unpredictability (Nelson et al. 2007). “Surprise” or a 
“regime shift” to a new and different state may cause the ecological system to be unable or 
incapable of generating environmentally and socially beneficial ecosystem services (Folke et al. 
2004).  After a “regime shift” occurs, resilience thinking suggests that the system shifts to a 
different and potentially “undesirable” state. These insights are explored using industrial 
aquaculture as an example (Figure 11).  
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Figure 11. Ecosystem states, loss of resilience, and regime shifts (Source: Bryceson 2004   
      Adapted from Scheffer et. al. 2001).  
 
 
Biological diversity plays a substantial role in ecosystem resilience and in sustaining 
“desirable” ecosystem states in the face of change (Elmqvist et al. 2003). In the event of a 
“regime shift”, an ecosystem that contains higher biological diversity is more likely to recover 
and re-organize back to a “desirable state” successfully. This does not imply, however, that high 
species diversity necessarily entails high ecosystem resilience or vice versa. Species-rich areas 
may be highly vulnerable to environmental change outside of the ranges that the ecosystem is 
normally exposed to. The sequence of species loss following disturbances has important 
implications for ecosystem functioning and the sustained flow of ecosystem services (Elmqvist et 
al. 2003). 
In resilience thinking, ecological memory, where species provide key functions in an 
ecosystem, is thought to confer greater resilience in response to a disturbance perturbation or a 
“regime shift” in the system. Examples of ecological memory include functional diversity which 
is the existence of a range of different species that perform similar functions. This is related to 
the diversity of functional groups in a dynamic ecosystem undergoing change, and the species 
SURPRISE! 
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diversity within these groups. The variability in response of species within functional groups to 
environmental change is critical to ecosystem resilience. Sustaining “desirable” states of an 
ecosystem in the face of compounded perturbations requires that functional groups of species 
remain available.  Spatial and temporal relations of functional groups that renew and reorganize 
the ecosystem after a regime shift, and their response diversity, play in important role in the 
ability of ecosystems to return back to a “desirable state” (Folke et al. 2004). Functional diversity 
increases the variety of alternative patterns or what Holling (1986) refers to as periods of 
“renewal” and “reorganization” that emerge after a “regime shift” occurs.  
Other sources of ecological memory that are important for sustaining resilience during 
disturbance or reorganizing after a regime shift occurs include biological legacies, mobile links, 
and support areas. Biological legacies are species and patterns that persist within an area affected 
by disturbance (Berkes et al. 2002). Mobile links are species of functional groups that migrate 
between areas. These links include species that passively spread from one area to another and 
contribute to reorganization of the area hit by disturbance (Berkes et al. 2002). Lastly, support 
areas are the diversity of habitats in the landscape of which the disturbed area is part. Each of 
these assemblages consists of several functional groups, interacting with overlapping functions 
as a dynamic ecological community.  
Resilience thinking provides a sense of the amount of ecological disturbance a system 
can take before it shifts into an alternative configuration. Resilience approaches emphasize the 
importance of specifying what ecosystem state is being considered (resilience of what) and what 
perturbations are of interest (resilience to what) (Carpenter et al. 2001). The next section will 
draw upon these insights to measure and analyze the ecological impact of the prawn farm on 
Mafia Island (resilience to what) to identify the ecological resilience of the surrounding 
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mangrove forest and coastal areas (resilience of what). I seek to identify the point at which 
incremental ecological change in ecosystems, use of ecosystem services, and the production of 
provisioning ecosystem services may cross a threshold that leads to a regime shift in the 
ecosystem (Bennett et al. 2009).  
 
6.2 MEASURING THE ECOLOGICAL STATE OF THE SURROUNDING MANGROVE  
      ECOSYSTEM TO THE PRAWN FARM  
 
Water quality studies measured and mapped temperature (ºC), salinity (‰), dissolved 
oxygen (%-saturation), acidity (pH), reduction-oxidation potential (Eh), and turbidity (NTU) in 
the water in the mangrove creek and adjacent coastal waters receiving effluents from the 
industrial prawn farm on Mafia Island. Semi-structured interviews and participant observations 
with villagers living adjacent to the prawn farm identified and prioritized ecological problems 
and locations.  Based on these insights, measurements were conducted in October 2009 and from 
February to March 2010.  Sampling took place from the position where the waste-water effluent 
canal from the prawn farm enters the mangrove creek, thereafter following the meandering creek 
into Kirongwe bay located immediately south of the prawn-farm and finally seawards into the 
inshore coastal waters on the north-eastern coast of Mafia Island (Figure 10). The farm’s outlet 
canal is approximately 3 km in length and the waste-waters then flow for approximately 2.5 km 
through the mangrove creek and into the Kirongwe bay. 
At each of the survey stations, a Global Positioning System (GPS) instrument, (Garmin 
GPSMAP 76CSx), was programmed to record the position of the boat at 1-second intervals. The 
GPS was connected to an echo-sounder (Garmin Fishfinder 300C) in order to simultaneously 
record the depth. A multi-parameter water quality instrument, (Yellow Springs Instruments YSI 
6600V2 Multi-Probe System) connected to a data display and logging system (YSI 650MDS) 
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with its clock synchronized precisely with that of the GPS was programmed to record water 
quality parameters also at 1-second intervals. The time-stamped water quality data points were 
position-fixed in relation to the clock-synchronized GPS readings in order to produce water 
quality maps for each of the six sets of water quality parameters. These measurements were 
subsequently mapped using Surfer 9 software and then positioned in relation to a QuickBird 
satellite image. The water areas were masked to seclude the visibility to the land area of the 
image. These masked images that show only the land areas were then overlaid onto the water 
quality maps. These methods are adapted from a fisheries study conducted by Bryceson et al. 
(2006). 
 
6.3 ECOLOGICAL STATE OF THE SURROUNDING MANGROVE ECOSYSTEM TO THE  
      PRAWN FARM  
 
Measurements of ecological parameters were taken in order to determine the ecological 
impact of the industrial prawn farm, processing plant, and hatchery on Mafia Island. Ecological 
data were collected in order to determine the extent to which the Mafia Island mangrove 
ecosystem is approaching a qualitative shift in response to the prawn farm. Assessments of water 
quality associated with aquaculture development are important due to a variety of negative 
environmental impacts on the receiving environment (e.g. FAO/NACA/UNEP/WB/WWF 2006; 
GESAMP 2008).  The straight length of the meandering creek is 2.1 km from the innermost part 
where the untreated prawn farm effluent is released into the mangrove creek to the mouth of the 
Kirongwe creek where the main harbor of Kirongwe was located (Figure 12). Measurements 
show that there were significant changes in water quality in the offshore coastal waters and of 
Banja mangrove creek in comparison to the Kirongwe mangrove creek that received the effluents 
from the prawn-farm, especially following a harvest operation (Figure 12).  
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The results show that the range of variation in temperature, salinity and pH were 
relatively minor. However, changes in dissolved oxygen and turbidity were highly noticeable. 
Temperatures were slightly lower in the mangrove creek areas compared to the coastal waters, 
probably due to the shading effect of trees in the mangrove areas.  Salinities were slightly lower 
at the innermost part of Kirongwe creek and near its mouth at locations where there is seepage 
from groundwater.  The water was more acidic (lower pH) in areas of low salinity due to the 
reduced buffering capacity of seawater. The inner most part of the creek exhibits the lowest pH 
levels due to the additional acidification by effluent wastes.  Dissolved oxygen levels were very 
low.  The lowest oxygen levels were 53% saturation at the point in the effluent waters from the 
prawn farm that reach the innermost part of Kirongwe creek (Figure 13). Oxygen levels at this 
area should contain 120% saturation that was measured in a nearby unpolluted mangrove creek 
causing oxygen levels at the point where the effluent met the mangrove creek to decrease by a 
factor of three. This pollution was due to aerobic bacterial activity decomposing the prawn farm 
waste.  Turbidity linked to increased siltation was dramatically high in the innermost part of the 
creek at a level of up to 35 NTU compared to a nearby mangrove creek that contained turbidity 
levels down to -0.2 NTU (Figure 14). Turbidity measures were high due to suspended solid 
waste in the effluent including prawn fecal matter and feed waste. Low oxygen stresses fish and 
crab respiration. High turbidity levels inhibit fish vision and clog fish gills. Overtime, these 
negative impacts lead to declines in both fish and crab species, particularly those fish and crab 
species with low tolerance to these perturbations.  
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Figure 12. QuickBird satellite image of prawn-farm and surrounding village lands and coastline  
       with water quality maps. 
 
QuickBird image Temperature Salinity
pH Oxygen Turbidity
 
 
Figure 13. Map of oxygen (% saturation) distribution. 
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Figure 14. Map of turbidity (NTU) distribution. 
 
 
Mangrove forest extent was measured using an October 17th, 2006 QuickBird satellite 
image. The prawn-farm has cleared approximately forty-five hectares of mangrove forest. In the 
2006 image, fifty-five hectares of mangrove forests are demarcated (clear tracts within remaining 
mangrove forest areas) for clearance in order to increase the size and number of prawn farms. 
The remaining areas are non-vegetated salt flats. Furthermore, discussions with villagers and 
analysis of the satellite image reveal that the entire length of the prawn farm’s ponds and canal 
block freshwater flow to the mangrove forests from the landward side.  
 
6.4 DISCUSSION OF ECOLOGICAL IMPACT OF THE PRAWN FARM 
The water quality maps show the pattern and effects of pollution by effluent waters on 
dissolved oxygen and turbidity within the study area. The pollution is spread over seven 
kilometers from the point of effluent disposal, most markedly in the inner Kirongwe creek. But it 
also affects the waters of the adjacent Jimbo and Banja creeks as it extends out as a plume of 
dirty water into the wider Kirongwe bay area. Villagers stated that the water in surrounding 
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creeks near the prawn farm were polluted and had a foul odor, particularly after prawn harvesting 
periods. Following harvesting, the water in ponds in discharged into the effluent canal which is 
disposed directly into the mangrove creek. Ponds are then cleaned and disinfected by removing 
polluted sludge from the bottom of the pond. Places where polluted sediments are disposed of are 
experiencing both eutrophication (low dissolved oxygen) and high suspended sediments cause 
high turbidity measured by water quality and results in sedimentation.   
Over time, prawn farm derived sediments that are dumped into the surrounding mangrove 
creeks will affect the growth and survival of mangrove forests (Lebel et al. 2010; Vaiphasa et al. 
2003). The reason for this is because mangrove forests have wide diversities of functional groups 
and individual species (Nyström 2006). Mangrove forests have high primary productivity levels, 
but low degrees of complementarity (or “redundancy”) of species that perform the same function 
(Bryceson and Beymer-Farris 2011). Low levels of species complementarity render the 
mangrove ecosystem more vulnerable in some ways. Mangrove ecosystems with higher diversity 
can tolerate considerably wider ranges of change in parameters such as dissolved oxygen and 
turbidity by relying on species that have higher tolerance to such stress factors.  With time, key 
functional species may be eliminated. Given that mangrove ecosystems have lower 
complementarity, gradually fewer species become available to perform a particular function in 
the event that a species dies off as a result of pollution from the prawn farm. According to 
resilience thinking, this break down may eventually contribute towards a “regime shift” in the 
surrounding mangrove creeks from an unpolluted state to a polluted state where the lenticels on 
the mangrove’s pneumatophores are blocked prohibiting respiration and the mangroves 
sequentially die off.  
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Mangrove tidal creeks serve as important areas for the primary habitats of several post-
larval and juvenile stages of crustacean, mollusk, and fish species. Discussions with villagers and 
analysis of the satellite image reveal that the entire length of the prawn-farm’s ponds and the 
canal blocks freshwater flow from the landward side. This inevitably alters the salinity profile of 
“almost the entire” mangrove forest because fresh water flows from the inner part (landward 
side) of Mafia Island.  This fresh water is important for maintaining the seasonal brackish water 
conditions for mangrove creeks. There is evidently no attempt to re-direct freshwater back into 
the mangroves along the entire western boundary of the prawn farm. This interruption of salinity 
patterns may affect some organism’s breeding cycles within the mangrove ecosystem. This is 
particularly the case for oysters, which require declines in salinity to stimulate release of sperms 
and eggs (reproduction will not occur at full seawater salinity because the osmotic stress would 
kill the delicate larval stages). 
The pollution caused by the prawn farm in Kirongwe creek is recent. Villagers reported 
that prior to the prawn farm’s establishment there were no instances of fish or crab kills or 
declines in fish and crab species in surrounding mangrove creeks. Prior to the prawn farm 
intervention, there is also no documentation of industrial development near the villages. 
Therefore, we can reasonably assume that the mangrove creeks and bays surrounding the prawn 
farm contained relatively high fish species diversity prior to the prawn farm establishment, 
similar to adjacent relatively unpolluted mangrove areas of Mafia Island. Villagers stated that 
they observed crab and fish kills in the creeks surrounding the prawn farm at particular times that 
coincided with pond stocking and harvesting. These immediate fish and crab kills could be 
caused by saponin piscicide chemicals which are commonly used by prawn farms to eliminate 
fish from the ponds prior to stocking with new post-larvae. Tea-seed cake is a common and 
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inexpensive form of saponin piscicide. When used by the prawn farm, these chemicals can only 
be detected for a short time afterward because they are biodegradable. Water added to prawn 
ponds is also often disinfected with chlorine to kill bacteria and viruses and treated with lime to 
adjust pH (Lebel et al. 2010). Chlorine can kill crustaceans and other invertebrates as well as 
adversely affect phytoplankton and macroalgae abundance (Gräslund et al. 2003; Kautsky et al. 
2000).  
Water quality measurements that found low oxygen and high turbidity levels at the point 
where the prawn farm effluent meets the surrounding mangrove creek is causing fish declines. 
Villagers also observed fewer fish in the whole of the Jojo and Banja mangrove complex. As one 
villager stated, “the fish in this area are diminishing and we have problems catching any fish, 
they have all gone”. Villagers claims of fish declines are substantiated low oxygen levels found 
in water quality measurements that leads to eutrophication.  Eutrophication causes increases in 
the abundance of toxic cyanobacteria and dinoflagellates, anoxic events, and fish kills (Folke et 
al. 2004; Smith 1998).  Vandergeest (2007) documented impacts from low dissolved oxygen 
levels in Thailand that caused sea bass kills, particularly when they were young. Furthermore, in 
industrial prawn farming, harvesting is conducted at low tide when water volumes drop in 
mangrove tidal creeks and fish are then most concentrated. The flushing of pollutants into 
adjacent creeks at this time pollute the water and cause low oxygen concentrations that are likely 
to have more deleterious impacts on fish and other biota. 
Villagers stated that currently there are very few species of fishes in the surrounding 
mangrove creeks. The fish species that have died off in large numbers include adult “mwatiko” 
or milk fish (Chanos chanos), “mkizi” or mullet fish (Mugil cephalus), and “kelea” or dory 
snapper (Lutjanus fulviflamma).  The last species is also referred to more generally as “changu” 
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or snapper fish. The fish species that are still occasionally observed in the mangrove creeks 
include the juveniles of “chewa” or grouper (several species of the family Serranidae), 
“karambisi” or giant trevally (Caranx ignobilis) and related “kolekole” or yellow-spotted trevally 
(Carangoides fulvoguttatus). These fish species are mainly observed by villagers returning to the 
bay and creek during the rainy season when there are less harvests from the prawn-farm (and 
therefore less pollution) and rainwater runoff flushes unpolluted water to the creeks.  
In resilience thinking, the role of functional diversity is a key insight for illuminating the 
sequential declines in fish species in the mangrove creeks surrounding the prawn farm. Some 
fish species in mangrove forests can typically tolerate high levels of stress (fluctuations in 
temperature, salinity, acidity or oxygen concentrations), whereas other species have low 
tolerance. Snapper fish are the first to leave or die off immediately when the water quality 
changes. This fish species is unable to tolerate these types of water quality changes. Villagers 
stated that adult snapper fish species were the first to decline and mullet and milkfish species 
subsequently followed. After initial declines in snapper fish, villagers also observed subsequent 
declines in milk and mullet fish. These species feed in the mangroves as adults. Milkfish or 
mullet species can tolerate wider changes, but with time are also likely to decline as substantiated 
by the villagers’ statements. In summary, mangrove water quality pollution has caused a total 
absence of snapper, milkfish, and mullet species. 
Grouper and trevally fish species spend the juvenile part of their life cycle in the 
mangrove creeks. The mangroves serve as a nursery ground for these fish in the early stages 
(similar to wild black tiger prawns). As adults, these species are found in deeper ocean waters. 
Fishers stated that they observe these species as juveniles, but not to the extent as they have in 
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the past. Their numbers appear to be declining. Water quality pollution has thus compromised 
the role of the mangrove creeks as a nursery for the grouper and trevally fish species.  
Villagers expressed an awareness of the importance of mangrove creeks as a nursery for 
these species. They also believe that the pollution from the prawn farm is causing an overall 
decline in these species. Declines in these species as juveniles demonstrate how the prawn farm 
is causing gradual water quality pollution that affects the overall survival to adulthood. This is 
substantiated by fishers’ statements that declines in these fish species cause them to travel further 
distances in order to fish in areas that are unpolluted.  It also demonstrates how the prawn farm is 
having a wider impact on the productivity of surrounding coastal waters.  
Ecological measurements of water quality indicate increasing pollution surrounding the 
prawn farm as well as further declines in the diversity of fish and other key species such as 
crustaceans and mollusks especially species that are unable to tolerate these water quality 
changes. These trends indicate that the surrounding mangrove ecosystem is likely to become 
characterized with lower species and functional diversity and is increasingly vulnerable to a 
“regime shift” as a result of the prawn farm. It is an example of how high species diversity (such 
as fish in surrounding mangrove creeks) does not necessarily entail high ecosystem resilience. A 
stressor or perturbation, such as the use of piscicides, is highly problematic for the ecological 
functioning of some fish and is also likely to contribute to a “regime shift” or “flip” in the 
system. This species-rich area is highly vulnerable to environmental change outside of the ranges 
to which the ecosystem is normally exposed. According to the ecological data, if production was 
halted at the prawn farm, the ecological memory of species in surrounding creeks and bays may 
allow the ecosystem to recover more quickly. The ecosystem is dependent on ecological linkages 
that the study indicates are still present in surrounding areas. If present production practices at 
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the prawn farm are significantly improved or halted, the ecosystem could reorganize by drawing 
on biological legacies of surviving plant and tree species, as well as mobile links of immigrant 
crab and fish species and larvae from more distant areas.  
  
6.5 CONCLUSIONS: RECONCEPTUALIZING RESILIENCE 
Ecological resilience thinking predicts a looming collapse into a degraded ecological 
state under certain conditions. This analysis helps us to better understand the point at which 
incremental change in ecosystems and the use and production of ecosystem services potentially 
cross a threshold to result in a “regime shift”. Through ecological resilience, I was able to 
analyze at which point the ecological system is approaching a “tipping point” and may “flip” into 
a different and unknown ecological state (Bennett et al. 2009).  
Resilience approaches are developing to include the recognition of human dimensions in 
shaping ecosystem processes and dynamics of combined “social-ecological systems” (Folke et 
al. 2005). The next chapter will explore the integration of the social dimension into resilience 
thinking through Holling’s (1986) adaptive cycle model and more recently, Gunderson and 
Holling’s (2002) panarchy model. I will highlight the contributions and limitations of these 
models based on political-economic insights. In turn, I will provide a new model that seeks to 
integrate ecological and social theoretical insights through the case study of the industrial prawn 
farm on Mafia Island.  
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CHAPTER SEVEN 
DESIRABLE STATES: THE POLITICS OF RESILIENCE THINKING 
 
7.1 “DESIRABLE” STATES FOR WHOM IN RESILIENCE THINKING? 
Resilience thinking analyzes the structure and function of a social-ecological system to 
inform “adaptive management” on how to avoid a “regime shift” into a new and potentially 
“undesirable state”. Resilience approaches focus on how much shock a coupled social-ecological 
system can absorb and still remain within a desirable or undesirable state.  This raises many 
questions about what that state is, why it is so desirable, and for whom. A social-ecological 
system’s ability to provide ecosystem goods and services for societal wellbeing and development 
determines whether it is in a desirable state. Studies have not, to this point, considered whose 
needs are being met from these goods and services and the politics of their distribution. They 
have also not considered how the social-ecological “system” was set up in the first place and 
how it is structured. This chapter draws upon a political ecological approach to advance 
resilience thinking by showing how “development” is contested among competing resource users 
whose vision of a “desirable state” differs from one another.  
This chapter considers power relations, particularly those supporting economic growth 
and influencing access to and control of resources, as key to defining “regime shifts” and 
“desirable states”. The goals of this chapter are twofold. The first addresses the need to infuse 
social theory into resilience thinking. The second concerns integrating ecological theory into 
political ecology. I address the seemingly “apolitical” resilience-based analytical approaches that 
assume “all things are equal” by presenting a revised adaptive cycle model that considers the fast 
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and slow moving variables in the social realm to be as important as the ecological variables in 
determining “regime shifts” and defining “desirable states”.   
 
7.2 HOLLING’S ADAPTIVE CYCLE MODEL 
Holling’s (1986) adaptive cycle is the most notable contribution of theory from an 
ecological perspective to assess ecosystem resilience (Walker et al. 2002). In resilience thinking, 
the adaptive cycle is a heuristic model used to describe both the social and ecological dynamics 
of ecosystems. It portrays an “endogenously driven four-phase cycle of social-ecological systems 
and other complex adaptive systems” (Folke et al. 2010: 3). The adaptive cycle embraces two 
opposites of growth and accumulation on the one hand and change and variety on the other 
(Figure 15; Holling 2001).  
 
Figure 15. Holling's (1986) four-phase adaptive renewal cycle, the “lazy 8” (Source:  
                   Gunderson and Holling 2002). 
 
 
Fixed static structures are reconceptualized as dynamic, adaptive entities sensitive to 
small disturbances at the transition from growth to collapse (Ω) and the transition from 
reorganization to rapid growth (α) (Holling 2001). The common trajectory is from a phase of 
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rapid growth where resources are “freely available” and there is high resilience (“r” or 
“exploitation” phase). The adaptive cycle focuses on the ecological variables that underlie the 
capacity of the social-ecological system to provide ecosystem services (Carpenter et al. 2001). 
This beginning state of the adaptive cycle is considered in a “desirable state” if it is able to 
provide ecosystem services. Bennett et al. (2009) define ecosystem services as the “benefits” 
people obtain from ecosystems.  
This first phase of the adaptive cycle moves through capital and resource accumulation 
into a gradually rigidifying phase where most resources are locked up and there is little 
flexibility or novelty and low resilience (“K” or “conservation” phase). Then a sudden collapse 
into a release phase of chaotic dynamics occurs in which relationships and structures are undone 
(“Ω or “release” phase). This phase is considered to be in an “undesirable” state if the ecosystem 
is no longer able to provide ecosystem services. In the next phase (“α” or “reorganization”), 
novelty can prevail or a “regime shift” can occur where the system “flips” into a different and 
potentially unknown state (Folke et al. 2010).  
Complex social-ecological systems are thought to work in rhythms where the r-K 
dynamics reflect a fairly predictable, relatively slow “foreloop” phase. In both ecological and 
social realm, the “foreloop” phase is thought to maximize production in terms of resource growth 
and capital accumulation (Holling 2004). “Connectedness” and “stability” are also thought to 
increase. For the social system, accumulating potential derives from the skills, networks of 
human relationships, and “mutual trust” developed during this phase (Holling 2001). For the 
ecological system, however, the connectedness increase from r to K becomes an “accident 
waiting to happen” (Holling 2001: 396). A break can trigger the release of accumulated 
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ecological potential. The actual change is thus triggered by agents of disturbance (disease, fire, 
etc.).   
In contrast, the reorganization phase (Ω - α) represents a chaotic, rapid “backloop” 
process marked by uncertainty, novelty, and experimentation. Holling (2001) argues that this the 
period of “creative destruction” (Schumpeter 1950). It is a time of both crisis and opportunity. 
Opportunity is thought to derive from accumulated ecological, economic, social, and cultural 
capital. This phase is a period of rapid reorganization in which novel recombinations or creative 
change may unexpectedly lead to innovations or the system collapses and “flips” to a new, 
unknown, and potentially “undesirable” state (Folke et al. 2010; Holling 2004, 2001). 
Innovations either fail or succeed back to the growth phase from r to K. Thus, the “backloop” 
strongly influences the nature of the next “foreloop”. If the system is able to reorganize back to 
the next “foreloop” phase, the system is able provide subsequent resource growth and capital 
accumulation (Holling 2001).  
 
7.3 HIGHLIGHTING THE “SOCIAL” IN SOCIAL-ECOLOGICAL RESILIENCE 
In resilience thinking, adaptive capacity determines how vulnerable the system is to 
unexpected disturbances and surprises. A system’s “adaptive capacity” is a measure of how the 
system adapts to changing circumstances while continuing to function effectively in terms of key 
social-ecological processes, or to recover from a crisis and develop new pathways. Adaptive 
capacity allows the social and ecological systems to reorganize back to a “desirable” state after a 
disturbance event. Thus adaptive capacity is dependent on ecological and social memory because 
they are key factors in ensuring “reorganization”. Memory provides a framework of accumulated 
experience and potential for coping with change. The various sources of ecological memory 
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responding to the industrial prawn farm intervention on Mafia Island were explored in Chapter 
Six. Social memory in resilience thinking is based on knowledge systems and management 
practices (Holling and Gunderson 2002). Through social and institutional learning, resource 
users are thought to develop a “collective” memory of experience with ecosystem management. 
This provides a context for social responses to ecosystem changes and increases the likelihood of 
flexible and adaptive responses. It draws on experience but also allows for novelty and 
innovation. For example, after a disease-outbreak in an industrial prawn farm, prawn farm 
managers will draw upon their social memory to empty, cleanse, and disinfect the ponds and 
then introduce new seeds (postlarvae) from the hatchery section of the farm to restock the ponds 
and restart the production cycle. 
Since resilience in social-ecological systems is achieved through adaptive capacity 
(Holling 2001), resilience thinking is often focused on maintaining and strengthening adaptive 
capacity. Adaptive resource management seeks to sustain or create “desired” ecosystem states 
(Folke et al. 2004: 575). Accordingly, resilience thinking assumes that the ability of actors 
(broadly defined as social networks and institutions) to manage resilience, intentionally, 
determines whether they can successfully avoid crossing into an “undesirable” system regime or 
succeed in crossing back into a “desirable” one (Walker et al. 2004). Through adaptive 
management, resilience seeks to sustain and generate more “desirable” pathways for societal 
development (Folke et al. 2005). As Scheffer et al. (2001) states, “building and maintaining 
resilience of “desired” ecosystem states is likely to be the most pragmatic and effective way to 
manage ecosystems in the face of increasing environmental change” (596).  
The process of “transformability” refers to the social sources of resilience that can be 
mobilized to adapt to and shape periods of rapid and turbulent change as well as to reorganize of 
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social-ecological systems back to “desired” states. In resilience thinking, transformability is the 
capacity to transform the stability of the landscape itself or to convert the system into a 
fundamentally different and potentially more beneficial system (Chapin et al. 2010). It is the 
process of creating a “fundamentally new social-ecological system when ecological, economic, 
and social structures become untenable” (Folke et al. 2010).  Transformational change occurs 
when enough stakeholders “agree” that the current system is dysfunctional. Thus, transformation 
is seen as the explicit goal of sustainable development programs in developing countries because 
“every system has opportunities for transformation to alternative, potentially more desirable 
trajectories of social-ecological change” (Chapin et al. 2010: 247). 
Within a process of “transformational change”, resilience thinking acknowledges that 
politics and social relationships influence the adaptive cycle. As Chapin et al. (2010) argue, 
“transformations will create both winners and losers, have uncertain costs and benefits, and 
entail contentious decisions about allocation between present and future generations” (247). 
According to resilience thinking, the solution to this limitation is to make the transformational 
process as transparent and open to as many stakeholders as possible. Folke et al. (2005) argue 
that “adaptive management can succeed when there is a clear and convincing vision of 
management as well as good social links and trust with fellow stakeholders” (448). Moreover, 
“new patterns of winners and losers create tensions that are best resolved through transparent 
negotiations aimed at meeting broad societal goals and awareness of the agendas of competing 
interests” (Chapin et al. 2010: 247). As a result, resilience theories are now being widely 
prescribed and even applied to a variety of ecosystems in order to precipitate critical transitions 
or regime shifts and manage social-ecological systems to ensure that they create more 
“desirable” states for “concerned” stakeholders (Boyd et al. 2008).  
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7.4 THE POLITICS OF SOCIAL-ECOLOGICAL RESILIENCE 
Although resilience thinking is helpful in explaining events in the ecological realm with 
insights about dynamics of collapse and renewal and of shifts in ecological systems to new 
states, it provides too few insights into why the social realm behaves the way it does (Turner 
2008).  The relationship between social systems and ecological systems is under-theorized 
(Adger 2000). Lance Gunderson acknowledged this limitation in a recent panel discussion that, 
“the social dimension of resilience thinking is a whole other beast” (Gunderson 2010). The 
challenge is to identify how and where social processes interact with ecological processes to 
explain the dynamics of the adaptive cycle and adaptive management. 
There is much ambiguity regarding the starting conditions of combined social-ecological 
systems in resilience thinking. The attention of resilience approaches to “the amount of 
disturbance a social-ecological system can take” begs many questions and conceptualizations 
about how the “system” was set up in the first place and how it is structured. In general, the 
“original” state is considered “desirable” if it provides a set of ecosystem services which are the 
benefits that people obtain from nature (Carpenter et al. 2006; MEA 2005). As Bennett et al. 
(2009) argue, “humanity has expended substantial effort to engineer ecosystems to cheaply and 
reliably produce desired ecosystem services such as food, timber, and fiber” (1). Thus, the 
general focus in resilience thinking is managing essential ecological processes in order to sustain 
the delivery of harvestable resources and ecosystem services at multiple scales (Folke et al. 
2005). However, resilience thinking does not illustrate how social-ecological systems 
simultaneously produce multiple ecosystem services that interrelate in complex and dynamic 
ways that benefit some and not others (Bennett et al. 2009).  This chapter advances the 
shortcoming in resilience thinking by drawing upon insights from political ecology to address the 
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questions posed by Carpenter et al. (2001) and Lebel et al. (2006), “resilience of what, to what, 
for what purpose, and for whom?”   
The notion of “desirable states” assumes an agreed upon set of priorities among different 
actors and vested interests towards “rational” transformational change and adaptive management.  
Societies are often portrayed as homogenous and harmonious with multiple checks and balances. 
This neglects the realities in many parts of the world where societies are characterized by 
frequent conflicts of interest, major imbalances in political power, wealth disparities, oppression, 
and exploitation. Furthermore, competing interests and the social stratification of societies 
compromises the ability of transformational change and adaptive management to “mobilize 
several interest groups at several levels and start a self-organizing process of learning and social 
capital generation” (Folke et al. 2005: 448). Adaptive management approaches are also 
fundamentally influenced by existing political-economic structures and embedded power 
relations (Adger et al. 2006; Armitage 2006). By drawing upon insights from political ecology, 
this chapter shows how local framings and experience of ecological change, including how social 
groups are differentiated, as well as how people use and value the environment in different ways 
are key to understanding “adaptive” management in resilience thinking (Forsyth 2003).  
Social-ecological systems consist of groups of people organized at multiple scales with 
differing views as to whether some states are “desirable” and others “undesirable” (Walker et al. 
2006). Despite this, resilience thinking conceptualizes social scales as a series of pregiven 
sociospatial containers such as local, regional, national, and international. This offers little 
insight into the new and different spatiotemporal formations emerging from the interactions 
between environmental change and political-economic processes (Rangan and Kull 2008). 
Furthermore, complex feedbacks within social-ecological systems cannot be represented as 
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simple causal chains because there is often a disconnect between the location where the benefits 
are derived and the location where the costs are borne (Carpenter et al. 2009). Although 
resilience thinking may be a useful lens for understanding how biotic and abiotic processes 
develop mutually reinforcing relationships over distinct ranges of ecological scales (Holling 
2001 citing Allen and Starr 1982; O’Neill et al. 1986), it remains limited in its scope for 
understanding combined social-ecological systems. In response, this chapter seeks to integrate a 
conceptualization of human-environmental scales as both relational and simultaneous with a 
variety of scalar configurations that display vertical (hierarchical, nested) and horizontal 
(networked) patterns (Zimmerer and Bassett 2003; Jonas 1994).   
The social realm of resilience thinking also tends to view society as a closed, functional 
system that suffocates the possibility of human agency (Liu et al. 2007; Brown 2010). As Folke 
et al. (2004) argue, human societies or groups may find themselves “trapped” in an “undesired” 
state so wide and so deep that movement to a new state, or sufficient reconfiguration of the 
existing state, becomes extremely difficult (Folke et al. 2004: 574). By inserting social 
theoretical insights from political ecology into resilience thinking, the chapter illuminates how 
dynamic social-political and economic interactions structure and restructure social-ecological 
systems. These social theoretical insights highlight the internal and external differentiation of 
winners and losers linked to the uneven social distribution of benefits associated with capital 
accumulation. The resulting inequalities produce outcomes that are often highly contested from 
the perspectives of competing resource users. These contestations have the power and potential 
to change and reconfigure the “social-ecological system”. The next section will explore the 
potential for integrating these social-theoretical insights into the adaptive cycle model.   
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7.5 ADAPTIVE CYCLE MODEL FOR THE MAFIA ISLAND PRAWN FARM  
      CONCEPTUALIZED BY SOCIAL-ECOLOGICAL RESILIENCE 
 
The adaptive cycle model begins with the exploitation phase (r) where coastal and 
mangrove resources are utilized by villagers and their access to resources is “unimpeded” from 
the prawn farm intervention (Figure 16). The starting conditions for this phase are considered in 
a “desirable” state because the ecosystem is able to provide ecosystem services which are the 
“benefits” people obtain from nature. These include mangrove resources such as fish and crabs. 
According to the 2005 Millennium Ecosystem Assessment (MEA 2005), industrial prawn 
farming is an ecosystem service (or commodity based on ecosystem services) that makes 
significant contributions to economic activity ($57 billion USD in 2000).  Industrial prawn 
aquaculture is considered a provisioning ecosystem service as long as the “establishment of 
appropriate regulatory systems to reduce the detrimental environmental impacts of aquaculture 
are obtained” (MEA 2005). The prawn farm company (Alpha Krust) gained access to Mafia 
Island by securing national and international regulations and obtaining certifications for 
ecological and social “sustainability”. According to resilience thinking, the industrial prawn farm 
on Mafia Island could be considered as a necessary as a stepping stone towards “sustainable 
development” (Anderies et al. 2004). 
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Figure 16. Case study conceptualized by resilience thinking. 
2005 – Coastal mangroves, fish, and 
shellfish utilized by local villagers.  
Access to resources and fishing 
harbors unimpeded. Prawn farm 
intervention commences.
2011 – Mangrove clearance for 
prawn farm production. Pollution of 
surrounding creeks and coastal 
waters. Sharpened conflicts of 
interests between prawn farm and 
villagers.
2012 onwards – The 
cumulative effects of 
self-pollution cause 
outbreaks of prawn 
diseases and steadily 
more frequent collapses 
in production.
Possible future scenarios: 
(1) Ecosystem fails to 
reorganize and flips into an 
unproductive polluted and 
diseased state; or (2) 
Stakeholders agree the 
current system is 
dysfunctional. Leads to 
social-ecological 
transformability to a more 
“desirable” trajectory for 
sustainable development.
 
The “foreloop” phase from exploitation to conservation (r to K) indicates increasing 
prawn production and prawn capital. Resilience is exemplified in the form of national income 
(and a provisioning ecosystem service) generated by the industrial prawn farm (Armitage and 
Johnson 2006). As prawn capital increases, the conservation phase (K) predicts a looming 
collapse in the ecological realm. This includes clearance of increasing areas of mangrove forests 
for further prawn pond development and water quality measurements that indicate increased 
pollution in effluent waters from the prawn farm. Dissolved oxygen (% saturation levels) is 
affected by a factor of three and there are dramatically high turbidity levels (up to 35 NTU). The 
effects of pollution from effluent waters on dissolved oxygen and turbidity spread over seven 
kilometers from the point of effluent disposal, resulting in declines in the mangrove ecosystem’s 
functional diversity (as observed in Chapter Six).  As water quality starts to decline in the 
surrounding mangrove creeks, the risk of disease increases rapidly in the in-take waters of the 
prawn farm. The prawn farm may increase chemical use to pre-treat water to guard against 
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disease outbreaks (Lebel et al. 2002). This would result in more frequent incidents of observed 
fish and crab kills by local villagers, particularly during harvest periods. 
At this “fore-loop” phase, indicators of adaptive capacity that enable social-ecological 
systems to cope with change are reduced in both the social and ecological realms. More villagers 
are facing a double disadvantage of losing access to mangrove resources along with 
simultaneous declines in fisheries (Lebel et al. 2002; Bailey and Skladeny 1991). One notable 
example is the company’s control over the main harbor and storage unit for surrounding villages. 
Ecosystem services from mangrove and coastal resources are declining and affecting villagers’ 
livelihood security.  In response, there are sharpened conflicts between the prawn farm and 
villagers living nearby.  
The “backloop” phase from release to reorganization (Ω to α) predicts a looming 
ecological collapse or a “regime shift” to a less “desirable” state. In resilience thinking, proposed 
future scenarios may include the social-ecological system’s failure to reorganize and the prawn 
farm “flips” into an unproductive polluted and diseased state. The second response may be that a 
system “flip” will create space for reorganization, renewal, and novelty (Folke et al. 2005).   
In the latter scenario, resilience thinking prescribes adaptive management in order for the 
social-ecological system to reorganize. This would include enhancing existing social networks 
and institutions in order to create flexibility in problem solving, learning, and maintain a balance 
of power among various interest groups (Carpenter et al. 2001). Agreements could be also be 
made between all “stakeholders” that the “current system” is dysfunctional. The current system 
would include the negative ecological impacts occur within the prawn farm as well as the 
surrounding mangrove ecosystem. This would lead to a process of social-ecological 
“transformability” towards a more “desirable” trajectory of “sustainable development”. A 
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bridging organization such as a national NGO could be brought in to strengthen social capital 
and the capacity for effective governance of multilevel organizations involved with the 
management of the prawn farm and the surrounding ecosystem. Villager’s adaptive capacity 
could also be strengthened by providing education on small-scale aquaculture in conjunction 
with the large-scale industrial prawn farm. This would resolve the social conflicts between the 
prawn farm, government officials, and villagers and secure “sustainable development”.  
In resilience thinking, technology and innovation are thought to proactively enhance a 
social-ecological systems’ ability to generate ecosystem services after a “regime shift” occurs 
(Raudsepp-Hearne et al. 2010). Thus, the prawn farm could utilize technological innovation to 
assist in its reorganization to maintain production yields. This would require substantial 
investment to foster innovations that address the ecological degradation both within the prawn 
production site as well as the surrounding mangrove ecosystem (Chapter 2 and Chapter 6). The 
prawn company might switch from the black tiger species to the Pacific white-leg species 
(Litopenaeus vannamei) to “run ahead” of diseases. They could also reduce water exchanges to 
assist in disease prevention and improve the quality of effluents or promote polyculture with 
bivalves and fish to reduce effluents and feed usage (Lebel et al. 2010). They could decide to 
invest in sediment basins to treat the discharge of effluents in order to reduce the load of 
dissolved solids and other pollutants into surrounding water bodies (Lebel et al. 2010). A 
combination of innovative technologies, standards, and market instruments like “sustainable” 
certifications are thought to lead to more “sustainable” prawn farming practices (Lebel et al. 
2010; Bene 2005). Thus, according to resilience thinking alone, a process of transformability, 
prescribed adaptive management, and technological innovation would result in “sustainable 
development” for all “stakeholders”.  
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7.6 REVISITING THE ADAPTIVE CYCLE MODEL: MALADAPTIVE SHIFTS OF  
      INDUSTRIAL PRAWN FARMING TO MAFIA ISLAND 
 
Societal reorganization and response to periods of change are the most neglected and 
least understood aspects in resilience thinking (Gunderson and Holling 2002; Folke et al. 2005). 
In order to better understand these social dynamics of the adaptive cycle model, other concepts 
are needed (Folke et al. 2010). As Holling argued in 1973, it is time to transcend diverse 
disciplinary origins in order to understand contemporary problems of environmental change. 
Therefore, the revised adaptive cycle model seeks to illustrate the politics of resilience thinking 
by integrating insights from political ecology (Figure 17). I specifically explore the potential for 
integrating socially produced scales with those produced through ecological processes 
(Zimmerer and Bassett 2003) by beginning the adaptive model cycle with a mismatch between 
ecological and social scales (Rangan and Kull 2008). 
  
Figure 17. The “lazy 8” revisited with political ecological insights. 
History - Resistance 
"Sustainable Development " via state 
regulation
“Desirable” social-ecological state, for 
whom?
2010 – Mangrove clearance, water 
quality mapping – International 
"sustainable" certifications – Regional 
and local politics – Violations of rights 
– Violence – Continued resistance 
2012 onwards –
maladaptive shifts, 
contradictions of capital, 
short-term profits
What happened to 
sustainable development?
Mafia Island Prawn Farm - Adaptive Cycle The "Lazy 8" revisited
 
 
 
 
144 
The revised adaptive cycle model begins with a history of global and local resistance 
against industrial prawn farming in the Rufiji Delta, Tanzania that resulted in “sustainable 
development” by national and international industrial aquaculture regulations. Despite these 
“sustainable” regulations, there was resistance from the outset against the establishment of the 
prawn farm on Mafia Island by surrounding villagers. Villagers used the Rufiji Delta prawn 
controversy to legitimate their initial resistance against the Mafia Island prawn farm which is an 
example of drawing upon their social memory. The social-ecological system may start in a 
“desirable state” as is able to provide ecosystem services which are the “benefits” people obtain 
from nature. However, historical insights reveal there are already conflicts of interest. Thus, the 
establishment of the prawn farm on Mafia Island is desirable for some (northern prawn 
consumers, the Tanzanian state, and transnational capital), but not others (surrounding coastal 
resource users who fear their access to these important resources for livelihood security will be 
impeded as a result of the prawn farm). This highlights the need to examine the historical context 
of social-ecological systems that resilience analyses often neglect and demonstrates the 
significance of examining “desirable” states for whom and for what?  
From the exploitation to the conservation phase (r to K), Alpha Krust gained entry to EU 
market through international “sustainable” certifications for socially and ecologically responsibly 
farmed prawns. Prawn capital accumulation increases for Alpha Krust. At the same time, there 
was state coercion through the backing of the project by President Kikwete and his appointed 
District Officials. District Officials threaten villagers to stop resisting the prawn farm by 
impeding village infrastructure. There are documented widespread violations of human, land 
rights, workers’ rights (Chapter Five). These include violence from electrocutions at the prawn 
farm resulting in two deaths. There is also continued resistance of villagers against the prawn 
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farm and village leadership shifts to the opposition party. A growing coalition against these 
forms of exploitation and oppression predicts a looming collapse or “regime shift” in the social 
realm. Ecological data also predicts looming collapse or “regime shift”.  
In the release to reorganization phase (Ω to α), a combined political ecological and 
resilience approach predicts a “regime shift” in both the social and ecological realms as a result 
of the prawn farm establishment. Theories of ecological Marxism and the “spatial fix” anticipate 
these “maladaptive”2 shifts in prawn aquaculture development that re-enact environmentally 
destructive trajectories in new places. Reorganization back to the r to K phase in industrial prawn 
farming requires substantial investment in technological innovation to maintain prawn 
accumulation that is often not profitable in the short-term. Furthermore, technological solutions 
appear as “sustainable development”, but fail to address social equity concerns.   
Through political ecology, the revised adaptive cycle demonstrates why the potential for 
reorganization is not realized. Short-term accumulation is the overriding motivation and the 
system is successful for those who make profits (the company, the state and the company’s 
shareholders). This begs the question, what happened to the state regulations and international 
certifications that are supposed to result in “sustainable development”? 
 
 
 
 
 
 
                                                
2 This conceptualization of “maladaptive” differs from resilience thinking which considers 
“maladaptive” systems to be in a “rigidity trap”. A rigidity trap occurs when there is accumulated 
wealth or abundant natural resources, but the social-ecological system is also subject to the “rigid 
control of corrupt political regimes” (Holling 2001: 11). A rigidity trap thus has high potential 
(measured in abundant natural capital), but also high connectedness (created by “efficient 
methods of social control”) that smothers or ejects any potential for novelty or agency in the 
social realm (Gunderson and Holling 2002). 
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7.7 MULTIPLE, COMPETING, AND CONTESTED VIEWS OF “DESIRABLE” STATES IN  
      RESILIENCE THINKING 
 
Resilience approaches aim to understand a social-ecological system in order to avoid a 
“regime shift” into a new and potentially “undesirable state” through adaptive management plans 
that seek to mitigate ecological and social impacts. Ecological data collected at the prawn 
production site on Mafia Island predicts a looming collapse into a degraded ecological state both 
in the surrounding mangrove ecosystem. These are partly a result of inappropriate ecological 
thinking driven by short-term profit motives that actively ignore long-term sustainability 
considerations common in industrial prawn farming (Chapter Two). In order to address a 
potential “regime shift” in the ecological realm, ecological mitigation strategies often comprise 
of a “technological fix” considered by some as a move towards “ecological sustainability” in 
industrial prawn farming. Mitigation of ecological impacts could include integrating more 
“sustainable” methods of prawn farming production through poly-culture systems with reduced 
inputs of feeds needed from wild fish stocks (Bryceson 1997, 2002; Lebel et al. 2002; Naylor et 
al. 2000, 2009; Delgado et al. 2003). The revised adaptive cycle illustrates that these 
technological innovations are insufficient because they fail to consider the social equity 
dimensions of sustainable development. 
Furthermore, reorganization back to a “desirable state” in the ecological realm often 
requires drastic and expensive intervention which is often not profitable in the short term. 
(Scheffer et. al 2001). This is particularly true in the context of industrial prawn farming. Global 
experience in industrial prawn farming shows that ecologically sound technologies are rarely 
implemented (Chapter Two) (Naylor et al. 2000). The short-term success of aquaculture seems to 
remove incentives to respond to environmental feedback (Folke 2003).  The tendency of 
industrial prawn farming companies is to shift to new, uncontaminated sites and repeat similar 
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“maladaptive” trajectories of change, rather than incur the costs of investing in restoration and 
reorganization through technological innovation to address negative ecological impacts (Chapter 
Two). The revised adaptive cycle model demonstrates how the “spatial fix” of shifting 
aquaculture to Mafia Island is only temporary solution because it spreads the contradictions and 
crisis-tendencies of capitalism (Jessop 2006). It also shows how the resiliency of the Mafia 
Island industrial prawn farm is part of this path dependent trajectory of change (Nelson et al. 
2007). 
The prawn farm on Mafia Island now supplies a single ecosystem service instead of 
dozens of services provided by the coastal ecosystems it replaces which, as Barbier (2008) notes, 
“are worth far more when valued explicitly” (Raudsepp-Hearne et al. 2010). The revised 
adaptive cycle model reveals the political-economic realities that explain why there is a 
disconnection between the location where the benefits of ecosystem services are derived and the 
location where the costs are born. These include the neo-colonial nature of the industrial prawn 
farm intervention that decides rights of access, use, and control to resources and promulgate 
political regulations over production and export trade. This contrasts to the dominant literature 
on ecosystem services and their valuation in practice that assume “all other things are held 
equal” (Norgaard 2010: 1223). 
Even if ecological concerns are addressed and ecosystem services are restored, and 
assuming the continued economic profitability of the prawn farm, the revised adaptive cycle 
model illustrates why adaptive management approaches that seek to address the corresponding 
social and political issues may also fail. The reason lies in the multiple and competing views and 
politics of “desirable” states of the Mafia Island prawn farm. It is considered in a “desirable 
state” for northern consumers, transnational corporations, and the Tanzanian state, all of whom 
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benefit from prawn capital, but not for local villagers whose rights to benefit from resources are 
diminished by industrial prawn production. Thus, the ability of adaptive management approaches 
that seek to strengthen local institutions to facilitate more “collective” decision-making regarding 
water, land, and coastal resource use is compromised by these competing interests (Lebel et al. 
2010). The underlying political-economic processes outlined in the revised adaptive cycle model 
reveal why those who are “affected most directly” by the prawn farm intervention are 
specifically not included in setting standards and enforcement of regulatory mechanisms.  
The revised adaptive cycle model contributes to resilience thinking by demonstrating 
how slow-moving variables in the social realm may also cause a “regime shift”. Political-
economic insights reveal how the dispossession from accumulation are resulting in class 
struggles of resistance against violations of human, land, workers, and resource access rights as 
well as ecological impacts. There is a growing coalition of local resource users against the 
various forms of exploitation, ecological degradation, and opposition they are facing. The 
likelihood of revolt by local resource users against inequities inherent in the social-ecological 
system is sometimes predictable and may also move the system into a new state. An example is 
initiating a court injunction by local resource users against the prawn farming company as was 
the case in the Rufiji Delta (Chapter 3). 
In contrast to Holling’s (2001) conceptualizations of resilience thinking where the 
system’s connectedness becomes an “accident waiting to happen in the ecological system”, I 
argue that people are continually responding to change just as is the ecology of an ecosystem. 
Thus, feedback loops in both the social and ecological realm of social-ecological systems 
determine their overall dynamics (Folke et al. 2010). This challenges the conceptualizations of 
“maladaptive” systems in resilience thinking that considers the social-ecological system of the 
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industrial prawn farm to be in a “rigidity trap” (Gunderson and Holling 2002).  The revised 
adaptive cycle model demonstrates that the rigid control of corrupt political regimes (Holling 
2001) is currently being challenged by the collective action and resistance of local resource users 
against social, ecological, and political inequities occurring as a result of the prawn farm on 
Mafia Island (Chapter Five).  
This resistance are to the social inequities from the prawn farm intervention and the 
political struggles against them are occurring despite national political regulations and global 
certifications for social and ecological “sustainability”. Thus, even if existing regional to global 
institutions are in place that support “sustainability”, the revised adaptive cycle model illustrates 
that this does not necessarily imply that the social-ecological system is “sustainable” (Norgaard 
2010). Furthermore, the revised adaptive cycle shows how these “sustainable” regulations and 
certifications (or what Marx refers to as the “veils of commodity fetishism”) may serve to 
obscure environmentally destructive and politically oppressive production practices.  
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CHAPTER EIGHT 
CONCLUSION 
 
8.1 SUMMARY OF THE DISSERTATION  
“Food scares”, the global food crisis, as well as environmentally and socially sustainable 
food movements have led to a proliferation of work addressing questions such as: “where does 
our food come from?”, “why there?”, and “under what conditions?”. The agri-food studies 
literature explores these questions by focusing on the interrelated processes of production, 
circulation, and consumption of food and its implications for human and environmental health 
through a capital-centric and global-North focus. In contrast, this dissertation underscores the 
influence of actors and environments at multiple scales in relation to the production and 
consumption of black tiger prawns.  
This dissertation reveals how states, citizens, social and environmental movements, 
ecological processes, and various political and economic institutions in the North and South, 
interact around proposed and existing food production sites. These actors, both human and non-
human, influence where industrial food is produced, why there, and not elsewhere. A 
geographical focus on the political-ecological determinants of the shifting locations of prawn 
production sites at multiple scales (from South Asia to East Africa; and from the Rufiji Delta to 
Mafia Island, Tanzania) advances our understanding of the dynamics and consequences of food 
globalization. It also addresses the general public’s concerns about where and under what 
conditions “global food” such as “certified sustainable” prawns are produced. 
The primary goal of the dissertation is to enrich our understanding of these geographies 
of economic globalization by examining the shifting sites of food production at the intersection 
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of ecological and social processes. It accomplishes this goal by using a combined social-
ecological resilience and political ecology analytical approach. Its contributions are two-fold:  
First, the dissertation contributes to the agri-food studies literature by analyzing the Mafia Island 
prawn farm project through a social-ecological lens to show how “sustainable” regulations and 
certifications for industrial prawn farming in Tanzania obscure and enable rather than prohibit 
unsustainable production practices; Second, it illustrates the potential for integrating political 
ecology with social-ecological resilience thinking to advance our understanding of the social 
dimensions that influence the structure of the social-ecological system.  
 
8.2 CONTESTATIONS OVER “SUSTAINABLE” SHRIMP AND “TAMING” THE TIGER 
 
The first part of the dissertation demonstrates how a combined social-ecological approach 
invigorates the agri-food studies literature in two distinct ways. The analysis challenges the 
notion that agro-ecological processes can be overcome through technological and organizational 
innovation as such advances ignore how the biology of a commodity affects where it is produced 
(Bridge 2000; Watts 2004).  It also challenges assumption in the agri-food literature regarding 
global capital’s reach as “monolithic and systematic” within the processes of production, 
circulation, and consumption of food (Wathmore and Thorne 1997).   
The first part of the dissertation demonstrates the inability to undertake industrial prawn 
farming in an environmentally and socially sustainable manner. It reveals how industrial prawn 
farming often results in environmental degradation. This path dependent trajectory of 
environmental degradation common in industrial prawn farming is typified by the negative 
ecological impact found at the prawn farm on Mafia Island. This part of the dissertation also 
illustrates the tendency of industrial prawn farming corporations to shift to new, uncontaminated 
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sites, rather than to incur the costs of investing in technological innovation to address negative 
ecological impacts.  I also illuminate how current practices seeking to “tame” industrial prawn 
production” through technological solutions for industrial prawn farming are problematic.  I 
show how more sustainable prawn production solutions such as integrating historical polyculture 
farming methods are rarely considered or promoted in the industry. Furthermore, by drawing 
attention to the political economy of resource use and management, I illustrate why more 
sustainable solutions and current strategies of technological innovation (e.g. introductions of 
Pacific white-leg species) will not suffice because they often fail to consider the social equity 
dimensions of sustainable development. More specifically, a “technological fix” does not 
adequately address the conflicts of interest between the prawn farm industry and local peoples 
(e.g. neighboring villages on Mafia Island) with regard to access to resources and harbors or 
ensuring the respect for land, workers’ and human rights. 
This first part of the dissertation also highlights the “taming” of consumers through 
processes of global certifications for ecological and social “sustainability”. I raise serious doubts 
on the “sustainability” of industrial prawn farming in general and illustrate how certifications 
and national regulations are enabling rather than restricting unsustainable prawn production 
practices in Tanzania. These combined regulatory mechanisms illustrate what I refer to as the 
rescaling of a large-scale “unsustainable” prawn farm in the Rufiji Delta with the small-scale 
“sustainable” prawn farm on Mafia Island. It also shows how the ecological becomes political in 
the sense that resistance to unsustainable development in the Rufiji Delta was overcome by a 
politics of regulation. The combined regulatory and certification practices on Mafia result in the 
“sustainable packaging” of prawns that satisfies Northern consumers but marginalizes Southern 
resource users who are currently being punished for their resistance to this unsustainable 
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production system. Despite attempts by the Tanzanian state, prawn farming corporations, and 
environmental NGOs to “tame” southern resource users, this part of the dissertation reveals 
collective political action by villagers in both the Rufiji Delta and Mafia Island. These ecological 
contradictions and political contestations shape the geographies of economic globalization. This 
is depicted in the shifting aquaculture sites from South Asia to East Africa and from the Rufiji 
Delta to Mafia Island.  
 
8.3 THE POLITICS OF RESILIENCE THINKING 
 The second part of the dissertation reveals how relations of production and consumption 
of food are deeply rooted in the regional political ecologies of the global South. This part of 
shows the influence of actors and environments at multiple scales to the production of black tiger 
prawns and takes a combined social-ecological resilience and political ecology approach to make 
these connections. This is a major challenge in the field of political ecology, as ecology often 
takes backstage to social-political dynamics (Zimmerer and Bassett 2003; Walker 2005). As 
Turner (2009) argues, “political ecological research has generally failed to produce full, balanced 
depictions of dynamic ecology-society interaction” (189). Accordingly, the novel focus on 
resilience thinking invigorates political ecology with ecological theory.  
The lens of ecological resilience provides a more nuanced understanding of the 
ecological structure and function of the industrial prawn aquaculture system. Through ecological 
resilience, we can determine the amount of ecological disturbance an ecosystem can take before 
it shifts into an alternative configuration or a “regime shift” in the ecological realm. The 
dissertation shows how ecological processes, including a decline in functional diversity, have led 
to decreased productivity in the surrounding mangrove and coastal ecosystems on Mafia Island. 
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It also underscores the ecological knowledge of resource users living adjacent to the prawn farm 
on Mafia Island who identified and prioritized ecological problems and locations. These 
ecological insights, most notably their explanations of fish species decline as a result of the 
prawn farming, rendered visible the connections between the empirical ecological data and 
ecological resilience thinking. The environmental degradation occurring at the prawn production 
site predicts a looming collapse or a “regime shift” in the surrounding mangrove and coastal 
ecosystem.  
While resilience thinking advances our understanding of ecological processes and 
dynamics, it does, however, fall short in contributing to an understanding of the political 
economy of natural resource access, use, and management. My use of a political ecology 
approach advances resilience thinking by considering whose needs are being met from the 
ecosystem goods and services that social-ecological systems provide and the politics of their 
distribution. A political-ecological rendering of resilience thinking challenges the assumption 
that “all things are equal” in the distribution of ecosystem goods and services (Norgaard 2010). 
Power relations, particularly those supporting economic growth and influencing access and 
control of resources, structure social-ecological systems in ways that make them “desirable” for 
some, but not for others. Furthermore, I argue that resilience thinking is highly political because 
it fails to consider how competing resource users’ visions of a “desirable” state differ. Ideas 
about the environment are not neutral, but are political in origin and have political effects 
(Harvey 1974). Thus, by not addressing the political economy of resource use and management 
demonstrates how the seemingly “apolitical” resilience approach supports the status quo.  
Power relations, ecological conditions, and historical understandings of commodity 
production sites comprise a coupled “social-ecological system” that shape global commodity 
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chains. They can also produce unequal social-ecological outcomes. For the Mafia Island prawn 
farm, these inequities persist despite national political regulations and global certifications for 
social and ecological “sustainably” produced prawns.  In response, the dissertation reveals how 
these inequalities are highly contested from the perspectives of competing resource users. The 
dissertation indicates the likelihood of revolt by resource users on Mafia Island against inequities 
inherent in the social-ecological system. These contestations may hold the power and potential to 
shape and change the “social-ecological system” and deepen our understandings of the social 
dimensions of resilience thinking.  
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